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FILARIASIS 


By L. T. GoccEsHALL 
Department of Medicine, The University of Chicago, Chicago, Illinois 


Filariasis, an infection of man and lower animals, has been known 
to exist since the earliest records of history. Yet, despite the fact that 
there are probably 1,800,000 to 2,000,000 infected individuals scattered 
over the globe and it once was prevalent in the southeastern United States, 
the disease held little interest in this country until World War II. At 
that time, it became apparent that several thousand United States service- 
men had contracted the infection on certain Pacific isles. It became a 
subject of considerable concern, and great effort was expended in a search 
for effective chemotherapeutic agents to combat the infection. The ab- 
stracts for the present conference indicate that considerable achievement 
has crowned their efforts. As a background to a symposium on chemo- 
therapy, the following remarks will be devoted to the general aspects of 
the disease. 

The filarial organisms belong to the group of nematode parasites 
and there are six closely related species—Wuchereria bancrofti, W. 
malayi, Onchocerca volvulus, Mansonella ozzardi, Acanthocheilonema 
- perstans, and Loa loa—in addition to the filarial-like organism Dracun- 
culus medinensis, which produce infections in man. In lower animals, 
filariasis occurs in horses, cattle, goats, swine, dogs, birds, frogs, and many 
other lower forms of vertebrate life. 


HISTORY OF WUCHERERIA BANCROFTI 


Due to elephantiasis, which produces grotesque deformities and which 
is the chief serious complication of filariasis, the disease has been recog- 
nized for centuries, but little was known about its cause until 1863, 
when Demarquay found the embryonic forms, microfilariae, in hydrocele 
fluid. In 1866, Wucherer found microfilariae in chylous urine, and Lewis 
found the same forms in the circulating blood in 1872. The adult worm 
was first noted by Bancroft in 1876. 

The mosquito was incriminated as a vector in 1878 by Manson, who also 
noted at the same time that the microfilariae appeared in large numbers 
~ at night but were absent from the human blood during the day. 

The demonstration that the mosquito was an intermediate host was 
soon followed by a complete understanding of the life history of Wucher- 
eria bancrofti. The susceptible mosquito ingests microfilariae in a blood 
meal and, within a few minutes, they lose their protective sheath and make 
their way to the body cavity and thoracic muscles of the mosquito. Here, 
they undergo further development, but do not become sexually mature 
although they move in pairs. When the mosquito bites a normal indi- 
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vidual, the larvae escape and enter the puncture wound or penetrate 
unbroken skin. From here, they soon find their way into the peripheral 


lymphatics and eventually migrate to the larger lymphatic trunks. Sexual — 


maturity is attained and mating occurs in the lymph nodes. The female 
rapidly develops a huge uterus filled with embryonic forms which are then 
discharged into the bloodstream via the lymphatic trunks. This completes 


the cycle, and it is impossible for the microfilariae to attain maturity — 


without passage through an appropriate mosquito and reintroduction 
into man. 


History of Filariasis in the United States. With the advent of 
slavery, W. bancrofti filariasis was transported to this country and suc- 
ceeded in maintaining a foothold in the southeastern states, particularly 
in the region of Charleston, South Carolina. It was also found as far 
north and west as Indiana. However, when slave trade was no longer 
carried on, the incidence of the disease gradually decreased until about 
1925. Since then, little or no evidence of filariasis has been reported. 
Actually, on a climatic basis, W. bancrofti requires a mean temperature 
of about 80° F. and an average humidity of 60 per cent or more. Since 
there are very few areas in the United States in which these climatic 
conditions prevail, it is not surprising that the disease disappeared after 
its source had been severed. 

The next episode was encountered when United States troops were 
transported to the western Pacific islands where filariasis is especially 
prevalent. Here, military necessity forced the staging areas to be closely 
associated with native compounds, and within a few months numerous 
cases of filariasis appeared. The early manifestations of filariasis have 
_ received little attention, because most of those interested in the infection 
have devoted their studies to the more advanced stages of the disease. 
Actually, many believed that the white man was not susceptible, although 
conclusive evidence to the contrary was present in many reports. 

In the servicemen, the first symptoms were lymphangitis, lymphedema, 
and lymphadenitis. In over 15,000 men infected, these symptoms ap- 
peared in only 0.6 per cent during the first month after exposure. Nine 
per cent had an incubation period of over 18 months, while the greatest 
number noted their first symptoms during the tenth month. As this 
infection is largely one of the lymphatic system, the symptoms were 
confined primarily to the lymph nodes in the axillae, groins, and spermatic 
cords. The lymphangitis occurred along the course of the major 
lymphatic vessels in the arms and legs, always appearing proximally 
and extending distally in contrast to the behavior of lymphangitis of 
bacterial origin. There was an associated fever of usually 101° to 
102° F., some malaise, and a mild leucocytosis. These findings of the 
acute infection lasted, as a rule, about 4 to 7 days and there were then 
considerable periods of freedom from incapacitating abnormalities, usu- 
ally for two months, after which they would reappear. Strenuous 
activity would frequently incite an exacerbation of symptoms. 
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The diagnosis of filariasis in the servicemen was frequently question- 
= able because it was dependent upon history of exposure and the above- 
mentioned symptoms. However, biopsies of large lymph nodes were 
_ made in a sufficient number of instances in which living or degenerating 
_ adult worms were demonstrated, so that the evidence was more than 
_ presumptive. Although many of the men were observed closely for as 
_ long as four years after their initial symptoms, it was not possible, in 
the author’s experience, to demonstrate successfully the presence of 
_ microfilariae in the bloodstream. This was not surprising, because the 
greatest total exposure period was less than two years in any man and 
this period would not account for a sufficient number of adult worms 
which could, in turn, liberate enough microfilariae to make them 
microscopically detectable. Even in the natives, where infection may 
occur daily for many years, it is unusual to find more than 60 per cent 
of the people in any area having circulating microfilariae. As was 
anticipated, the infections in the servicemen gradually but definitely died 
out without treatment, because the defense mechanisms in the body were 
sufficient to control these light infections. 

During the period of the acute symptoms and early convalescence, 
the chief difficulty was a psychological one, which it was possible tc 
eliminate, in most instances, by careful explanations of the disease process 
and reassurance that the end-result would be a favorable one. Actually, 
less than 5 per cent of the total number infected are receiving compen- 
sation for disability due to this infection at the present time. 

The question as to whether filariasis imported into this country from 
the Pacific area would constitute a public health menace can be answered 
by the finding that in no instance were microfilariae detected beyond 
reasonable doubt and, in the few cases which reportedly showed an occa- 
sional organism, the number was far below that required to initiate infec- 
tion in mosquitoes. 


Symptomatology and Pathology of Chronic Infections. 
_ Filarial infections, in common with other tropical parasitic infections, 
have as their chief characteristic a tendency to run a chronic course. 
Microfilariae transfused in large numbers from infected donors are known 
to exist for as long as two years without undergoing further develop- 
ment in the human host. Likewise, in natural infections, in individuals 
. removed from endemic areas and in whom microfilariae are demonstrable, 
it may be noted that these embryonic forms persist for many months or 
even years. As would be expected in a long-term chronic infection, 
the symptomatology is varied. Initial stages are associated with the 
symptoms described in the servicemen, namely, inflammation and dila- 
tion of the lymphatic channels, hypertrophy and inflammation of the 
lymphatic glands, with localized areas of lymphedema. As the patients 
are constantly being reinfected, there is continued injury to the tissues 
of the lymphatic system which, in many instances, produces a blockage 
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of that system by fibrosis with an end result of elephantiasis. Elephanti- 
asis is to be regarded as a complication occurring, at most, in not more 
than 7 per cent of chronic infections, and it usually appears in the lower 
extremities, the genitalia, and in the mammary glands of the female. 
Asymptomatic filariasis is very common in all parts of the world and, 
in certain areas, accounts for the major proportion of those infected. 

Frequent controversy has arisen as to whether the indurated tissue 
associated with elephantiasis is the result of secondary bacterial invasion 
by streptococci. Although a plausible theory, this has never been sub- 
stantiated and at the present time is generally held in doubt. Certainly, 
the lymphangitis is not typical of that seen in streptococcal infections 
not associated with filariasis, and, likewise, it does not respond to the 
chemotherapeutic or antibiotic agents which are known to have a specific 
effect on the streptococcus. 


Immunology. Like many of the other parasitic infections, a high 
degree of immunity is not present in filariasis since individuals are sus- 
ceptible to reinfection. As a matter of fact, it is common practice for 
infected persons to leave an area when filarial manifestations become 
troublesome, and in a filarial-free area all symptoms of a temporary nature 
subside. Yet, upon return, the individual seems just as susceptible as 
he was at the initial exposure. Although there is great need for further 
investigation into the immunological aspects of filariasis, there is no 
evidence, at present, which would indicate that sufficient resistance could 
be obtained from a vaccine which would insure protection for one who 
contemplates living in endemic areas. 


Prophylaxis and Control. At present, there is no chemotherapeutic 
agent which will prevent an individual from becoming infected, and 
the major effort has been directed towards the control of the vectors 
which transmit filariasis, In general, the mosquito vectors for this disease 
_ have been found easier to eliminate than those associated with some of the 
other tropical infections. The requirements for successful transmission 
seem to be more exacting, which permits more effective interference 
when control measures are instituted. Likewise, many of the vectors live 
in very close contact with the native populations and only those vectors 
in most immediate contact show high rates of infection. For example, in 
Samoa, it was discovered that the principal vectors were not infected 
when captured as short a distance as 150 yards from the center of the 
native villages, while as many as 40 per cent of those captured in the 
center of the village were infected. Actually, a difference in the rates 
of infection could be detected in mosquitoes captured on the wind- 
ward side of the village as contrasted to those captured on the leeward. 
Thus it can be seen that minimal control efforts in the immediate neighbor- 


hood of any village would successfuly eliminate the chief source of 
difficulty. 
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OTHER FILARIAL INFECTIONS OF MAN 


-Loaiasis. Loaiasis, or Loa loa infection, is caused by the worm of 
that name. This parasite migrates in the subcutaneous tissues and gives 
rise to localized swelling known as Calabar swellings, and it frequently 
produces a local reaction in the conjunctiva. It is transmitted by 
tabanid flies (Chrysops), and has a very widespread distribution in 
western and central Africa, particularly in the larger river basins. The 
symptoms of this infection are restricted largely to the swellings which 
occur on the course of the path of the migrating worm. They are 
painful, temporary in nature, and when punctured usually reveal micro- 
filariae. They probably represent an allergic phenomenon. Microfilariae 
can also be detected in the peripheral bloodstream. Prevention is re- 
stricted entirely to the control of the vector and there is no specific 
treatment. 


Onchocerciasis. This disease is produced by the parasite Oncho- 
cerca volvulus, discovered in 1893, and, like loaiasis, is characterized 
by numerous widespread subcutaneous nodules over the body. It is 
transmitted by the gnat, Simulium. It is distributed in tropical Africa 
over the wide central belt and is also prevalent in the Central American 
countries, particularly Mexico and Guatemala. In the latter areas, it 
may be found in the coffee plantations at elevations as high as 6,000 
feet. The microfilariae of this worm are found in the subcutaneous 
tissue, particularly in the subcutaneous nodules, but are not encountered 
in the bloodstream. The Simulium fly develops in swift-running streams 
and infected flies are usually not detected at great distances from this 
source. The tumors vary in size from a pea to a hen’s egg, are extremely 
painful, but subside without rupture. They are encountered at all ages 
and have been noted in children as young as two months of age. The dis- 
tribution of the nodules varies in different localities. For example, 
in Africa, it is rare to find them on the head, while in Central America 
this is the common site. Like Loa loa, this parasite also exhibits a 
specific localization in the eye where it frequently penetrates the eyeball 
“and has been known to invade the optic nerve with resulting blindness. 
Diagnosis is confirmed by subcutaneous biopsies or demonstration of 
microfilariae from the nodules. Specific treatment has not been par- 
ticularly effective. 


Dracontiasis. This illness, also known as guinea-worm disease, is pro- 
duced by the closely related filaria worm, Dracunculus medinensis, which 
frequently grows until it is three feet long and its presence is noted 
beneath the skin, particularly in the lower extremities. It is widely dis- 
tributed in the tropics, occurring in Asia, the Middle East, Africa, and 
South America. It has not been reported from the Pacific area. 
Unlike the other filarial infections, it is transmitted by the water 
flea (cyclops) which becomes infected by the embryos of the adult 
worm escaping from an aperture in the skin of the infected individual. 
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This aperture coincides with the opening of the uterus of the adult — 
female worm which is stimulated and expresses larvae when coming in | 
contact with water while the human host is wading, washing, etc. — 
When the infected cyclops are swallowed in drinking water, they are 
immediately killed by the gastric juice and the larvae escape, penetrat- 
ing the intestinal wall and migrating to the surfaces of the body where 
they have completed their development into worms many centimeters long. 
The only treatment is surgical removal of the adult worms, or, more 
commonly, they are slowly wound onto a stick or thorn and gradually 
removed from the body over a period of several days. Prevention can 
only be accomplished by purifying, or removing the source of, contami- 
nated water. 


SUMMARY 


Filariasis is a disease in humans which affects many thousands of 
individuals in the tropical and subtropical areas of the world. There 
is no doubt that the economy and welfare of many lands are seriously 
affected by these infections in spite of the fact that they are associated 
with very low mortality rates. Until the present, there have been no 
chemotherapeutic agents which have demonstrated their ability to in- 
fluence the infection in man. 

The chief method of control must lie in the suppression or eradica- 
tion of the vectors, a task made much easier since the discovery of more 
effective insecticides. In this respect, we cannot be hopeful of too much ~ 
success, since all diseases of high morbidity and low mortality are 
usually associated with indifference on the part of the general public, 
and only those directly concerned with public health responsibilities can 
be expected to exert any considerable influence. All too frequently, 
their efforts are so restricted, in spite of general educational campaigns, 
that widespread benefits are not obtained. 

As stated above, this discussion has not considered chemotherapy. 
However, since there is little prospect of a successful immunizing agent, 
and since the vectors and procedures for their control have been 
recognized for at least two decades without apparent diminution 
of the incidence of the disease, the introduction of an effective chemo- 
therapeutic agent would be a most welcome adjunct to those charged 
with the responsibility of eliminating this infection. 
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GENERAL EXPERIMENTAL METHODS USED 
IN STUDYING FILARICIDES 


By Repernau I. Hewirr 


_ Lederle Laboratories Division, American Cyanamid Company, Pearl River, N. Y. 


__ The extensive use of cotton rats (Sigmodon hispidus), naturally in- 
fected with filaria (Litomosoides carinii), during the past three years 

for the evaluation of drug activity, has largely supplanted all previous 
known in vivo methods in the search for new filaricides. This is partic- 
ularly true in screening tests, since the relatively small size of this host 
allows the testing of small chemical samples. Dogs infected with 
Dirofilaria immitis provide a useful host-parasite relationship for con- 
firmative or comparative assays, but their large size discourages their use 
in routine screening programs. 

In addition to the advantages of small size and ready availability 
of the cotton rat, several investigators have provided useful information 
relative to the biology of untreated infections. Studies have been 
made on microfilarial periodicity, transmission,” rate of growth and 
maturity of the worm,? developmental anatomy of the larvae and 
adult worms,* production of quantitative infections through the use 
of the vector,> and pathological changes in untreated infections.® 
Papers have also appeared relative to the effects of several different 
types of chemical compounds in naturally acquired cotton-rat filariasis. 
These include Neostam and Neostibosan,’ Stibanose,® various mercury 
and antimony compounds,’ Streptothricin, Urea stibamine, Vanadium 
gluconate, Acranil, Plasmochin, #-(-Phenylphenoxy) aniline, Phthalic 
acid, Penicillin, and Chloro-N-8-dimethylphenethyl amine MHydro- 
chloride,!® cyanine dyes, piperazine compounds,” and _ substituted 
pheny! arsenoxides.1* 

The accumulation of this’ information during a comparatively short 
period of time has provided a useful background for investigators inter- 

ested in filaricides, and has advanced our knowledge regarding possible 
remedies for filariasis in human subjects. 
The methods used for evaluating the effects of drugs in naturally 
acquired filaria infections in cotton rats are discussed in the present 
_ paper, together with the methods employed for in vitro studies and the 
bioassay of filaricides in Dirofilaria-infected dogs. 


Description of Naturally Acquired Infections with Litomosoides 
carinii in Cotton Rats.  Litomosoides carinii occurs as a natural 
parasite of the cotton rat in the southern United States, and in Central and 
South America. The adult worms are commonly found in the pleural 
cavity, but may occur occasionally in the peritoneal cavity as well. The 
female worms vary from 70 to 90 mm. and the male worms from 19 to 
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23 mm. in length.t Both sexes occur intertwined in masses of various 
sizes, and the total number present may exceed 500 worms.® It has been 
stated that, once the infection is acquired, the worms probably live 
throughout the life of the animal.® The visceral and parietal pleura may 
be covered with papillary nodules associated with the pathology of the 
infection.® 

The vector of this parasite has been shown to be the tropical rat mite 
(Liponyssus bacoti),2 and, in experimental infections, microfilariae 
appear in the peripheral blood as early as fifty days after transmission.* 
No periodicity is exhibited by the microfilariae,1* although considerable 
fluctuation occurs in their numbers at different hours during the day, 
different days, or from week to week (TABLES 1, 2, and 3). In general, 
a steady increase occurs in the number of circulating microfilariae from 
week to week (TABLES 1 and 4). 


- TABLE 4 


UNTREATED Cotton RATS—PeER Cent DIFFERENCE FROM ORIGINAL MICROFILARIA 
Count AT END oF OBSERVATION PERIOD 


Per cent difference from original count 


No. weeks 
Rat No. observed 
Increase Decrease 

150 14 254 
151 17 3047 
153 ii 1593 
154 17 947 
155 7 430 
156 7 420 
yy 7 1450 
158 7 670 

41 15 36 
108 15 23 
125 ae) 78 
182 11 246 
200 11 81 
193 6 22 
195 12 455 
Oe 12 598 

4 
Ou 9 75 ny 
241 9 147 
Pee 9 200 
3 

368 3 70 
388 5 28 
389 3 2h 


The number of microfilariae present in the peripheral blood is not 
always correlated with the degree of infestation with adult worms, 
although, in general, rats showing extremely large numbers of microfilariae 
will exhibit large numbers of adult worms at autopsy. 

Occasionally, untreated rats will show a small number of dead worms 
in the pleural cavity when autopsied.® 12 In 65 untreated rats autopsied 


* eo 


, 
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in these laboratories, 9 have shown a few dead worms, but massive deaths 
have never been encountered. - 


Methods for Testing Drugs in Cotton Rats. In common with 
all host-parasite relationships used for screening drugs experimentally, 
various methods are used by different investigators to obtain evaluations 
of filaricidal activity in the cotton rat. Manual treating, or the addi- 
tion of the drug to the food, can be used successfully. The physical 
characteristics or known toxic effects of any given chemical compound 
frequently determine the route of administration, frequency of treatment, 
and length of treatment. In the case of new compounds, however, where 
no previous information regarding reactions in other animals is available, 
the choice of method for treatment and the duration of treatment are 
largely empirical. 

In our program, provided nothing was known about a new drug made 
available for screening purposes, the degree of solubility in water 
determined the route of administration. Compounds soluble in water 
were given intraperitoneally, and insoluble compounds were administered 
orally in a 2.5 per cent starch suspension. If a sufficient amount of 
compound was available, the starting dose for oral administration 
was 200 mg. per kg., and for intraperitoneal administration 50 mg. per 
kg. If the animals died while under treatment, the dosage was halved 
and tried again. This was repeated until the test animals survived and 
the results were negative, or until positive effects were produced in a 
tolerated dosage. From one to three animals were used for each new 
compound, and treatment was continued twice daily for from two to 
four weeks. Autopsies were performed from one to four weeks after 
cessation of treatment. When positive filaricidal effects were observed, 
various dosage regimes were used in a large number of animals. 


Criteria Used for Evaluating Filaricidal Action in Cotton Rats. 
Since both adult worms and larvae of Litomosoides carinii occur in the 
cotton rat, as is the case with filaria infections in other animals, the 
evaluation of filaricidal action should take both stages of the worm into 


* consideration. The destruction of microfilariae, without death of the 


adult worms, might have potential value in human infections for control 
and prophylaxis, although the ultimate goal for the therapy of filariasis 
in man would certainly seem to be the killing of adult worms. 

Very few drugs have been shown markedly to reduce the number of 
microfilariae per se in the peripheral blood of cotton rats. Plasmochin,"” 
some arsenicals,!2 and several piperazine compounds! will produce this 
effect. Following prolonged periods after treatment with Neostam, 
Neostibosan or Stibanose,” ® the microfilariae gradually disappear in the 
cotton rat, but this is probably due to the death of the adult worms and 
is not brought about by a direct action upon the microfilariae. 

Because of the failure of several filaricidal drugs to produce any 
measurable effect upon microfilariae per se, even though the majority 
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of adult worms were killed in cotton rats, all investigators have not used _ 
microfilaria counts as criteria for the immediate effectiveness of 
therapy in these animals. The correlation obtained by the present 
authors, however, between the effects of piperazine compounds on micro- 
filariae and macrofilariae in cotton rats demonstrate that records of the 
microfilaria count are useful adjuncts to the total evaluation of filaricidal 


action.!? 


MicroFiLariA Counts. The estimation of the number of circulating 
microfilariae in cotton rats can be made from blood obtained from the 
cut tail, toes or ears. Culbertson and Rose? counted the number seen 
in 100 microscopic fields (x430) of fresh tail blood under a cover slip. 
Brown and Williams! devised a quantitative method by marking off a 
0.9 cm. square on a slide and spreading the blood onto the marked area 
with a fine wire. The dried square was then stained with Giemsa’s stain 
and every fifth row was counted under a high-power objective. 

The present author prepared blood smears from the cut tails of rats, 
and these were stained with Giemsa’s stain with or without dehemoglobin- 
ization. Generally, from 25 to 100 microscopic fields were counted under 
a low-power objective, but where very few microfilariae were present 100 
fields were always counted. The count from all animals was then ex- 
pressed per 100 microscopic fields. Counts were made on the day before 
treatment was initiated, and at various intervals thereafter, until an 
autopsy was performed. 

Although all of the methods described are subject to error, it is not. 
difficult to detect reductions which occur in the number of microfilariae 
following treatment with an active drug. 

Cotton rats with initial low microfilaria counts (e.g., less than 10 per 
100 fields) are not desirable for measuring microfilaricidal activity, since 
the fluctuations which occur are within the range of comparable non- 
treated controls. 


DeatH oF ApuLtT Worms. It has been mentioned previously that dead 
adult worms are occasionally found in non-treated cotton rats, and 
these may be surrounded by an inflammatory exudate.* This does not 
occur frequently, however, and for the most part living worms only are 
recovered from non-treated rats. Live worms move actively when placed 
in 0.8 per cent saline, and continue moving for several hours at room 
temperature. When observed under a stereoscopic dissecting microscope 
(x20) the internal structure of living worms is clearly defined, and the 
outer cuticle is shiny and glistening. Living embryos can be seen within 
the uteri of mature females under higher magnifications. 

Dead worms show no movement when placed in 0.8 per cent saline. 
They may be clumped or matted, or may be surrounded by an exudate.” 
*, 12 In later stages of decay, clumped worms may become yellowish 
and brittle, or may have disintegrated so completely that only fragmentary 
pieces of cuticle remain. Small or large masses of living worms may be 
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present in the pleural cavity, or occasionally in the peritoneal cavity, 

along with one or several clumps of dead worms, after treatment with a 
filaricidal drug. If animals are held for two or three months following 
successful treatment, occasionally no worms or macroscopic evidence of 
their previous presence can be found, in spite of the fact that myriads 
of microfilariae might have been present in the peripheral blood before 
treatment was started. We have assumed, in these cases, that the dead 
worm tissue was completely absorbed. 


Tur Use or Controt Drucs in Screeninc Tests. Although, in 
many host-parasite relationships used for testing drug activity, control 
drugs are an essential part of each protocol, they are not essential in the 
case of cotton rat filariasis, except when different members of the same 
structural series are being assayed. Sufficient evidence has been accu- 
mulated to demonstrate that untreated rats, or rats treated with inactive 
compounds, rarely demonstrate, upon autopsy, the picture that can be ob- 
tained with Neostam, Neostibosan,’ Stibanose,$ the cyanine dyes,’? or 
the piperazines.”” 


In Vitro Studies. In vitro methods, although sometimes giving sup- 
plementary data relative to the effectiveness of certain drugs against 
Litomosoides carinii, have not been widely used for screening purposes. 
Culbertson and Rose’ transferred macrofilariae aseptically to 50 cc. 
Erlenmeyer flasks, each containing 10 cc. of a balanced salt solution plus 
0.1 per cent glucose, and incubated at 37° C. with or without drugs. 
Fifty mg. per cent of Neostam killed the worms within twenty-four hours, 
whereas control worms were active at the end of ninety-six hours. Lower 
concentrations of the drug killed the worms in correspondingly longer 
periods of time. The same authors, in cooperation with Hernandez 
Morales, Oliver-Gonzalez, and Pratt,!° state that the method did not 
appear useful for screening drugs, since some compounds were almost in- 
active in vitro but were quite effective in animals and vice versa. 

Otto and Maren" conducted in vitro studies with Dirofilaria immitis, 
using phenyl arsenoxides, and found that, although some amide sub- 
stituted compounds killed the microfilariae at high dilutions, no effect 
" was produced in animals. 

Our own experience with piperazine compounds has shown that little 
correlation exists between their in vitro and in vivo activity. The cyanine 
dyes,11 on the other hand, show activity in vitro which corresponds rather 
highly with the results obtained in cotton rats. et 

It is apparent, therefore, that for some types of compounds in vitro 
studies may provide useful information regarding their filaricidal proper- 
ties, whereas in others nothing whatever is gained by this type of study. 


The Use of Dirofilaria immitis Infections for Evaluating 
Filaricides. The use of dogs infected with heartworm for screening 
purposes in searching for filaricides is not practical, since their large 
size limits the number of tests, and the quantity of drug necessary 1s often 
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prohibitive. For a long time, however, dogs provided the only available 
laboratory animal for studying the action of filaricidal compounds, and 


a large number of antimony and arsenic derivatives have been tested in 


this host.1 16 

Another serious disadvantage in the use of dogs for studies on 
filaricides is that, frequently, untreated dogs with microfilariae in the 
peripheral blood reveal no adult worms at autopsy in the heart or lungs. 
We have experienced this situation several times in both untreated and 
treated dogs, and have had confirmatory reports from other investigators. 
It has been disconcerting to treat animals showing relatively high initial 
microfilaria counts with Fuadin and other compounds, reduce the micro- 
filaria counts, and then at autopsy to find no sign of an adult Dzrofilaria 
in any part of the body examined. Dogs with very low microfilaria counts 
more often than not reveal this condition, at least in so far as our own 
experience is concerned. It is quite possible that, in dogs receiving an 
adequate dosage of a filaricidal compound, the adult worms will be killed, 
will become lodged in the pulmonary artery within the lung, and will 
there undergo disintegration and eventually complete absorption. Such a 
process, however, would require a long period of time, and since untreated 
dogs with circulating microfilariae often reveal no adult worms in the 
heart or lung at autopsy, this explanation would not be valid in every case. 

Adult Dirofilaria immitis commonly occur in the right ventricle of 
the heart, or in the pulmonary artery near the heart. Microfilariae are 
liberated into the bloodstream and very little periodicity is exhibited. 
Measured quantities of blood can be withdrawn from the veins in the 
fore or hind legs, and estimations of the number of microfilariae can 
then be made per unit sample of blood. 

Compounds effective against Dirofilaria immitis 1° kill the adult 
worms, which become lodged in the pulmonary artery within the lung. 
There is good evidence to show that the simultaneous killing of a large 
number of worms will produce an embolus in the artery and lead to the 
death of the animal.!¢ 

Fuadin’® is now used by many veterinarians for treating heart- 
worms in dogs, although it is far from being 100 per cent efficient and 
frequently produces death from toxicity. Otto and Maren’ have recently 
obtained very good results in dogs with p-[bis-(carboxymethylcapto) - 
arsino]-benzamide. 

The evaluation of effectiveness of treatment with drugs in filaria- 
infected dogs is more difficult than in cotton rats, particularly if 
autopsies are not performed. A marked and sustained reduction in micro- 
filariae is not always conclusive evidence that the adult worms have 
been killed, nor is an improvement in the physical condition of the 
animal after treatment demonstrative that the worms have been destroyed. 
We have received dogs for treatment which exhibited the classical symp- 
toms of heartworm infestation; namely, emaciation, shortness of breath 
after slight exertion, cough, jaundice, and pronounced skin lesions. 
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Microfilariae of varying quantity occurred in the bloodstream. After 
providing the animals with ~good food and adequate care for several 


_ weeks, some of them improved markedly in physical condition without 


treatment. In some cases where the microfilariae were reduced by 
treatment, and the dogs were then autopsied following a pronounced 
improvement in physical condition, living worms or no worms whatever 
were found in the heart or pulmonary artery. 


In cases where the microfilariae have been sharply reduced by treat- 
ment, and dead adults are found within the terminal branches of the pul- 
monary artery at autopsy, it can be assumed that a filaricidal effect has 
been obtained. The reduction of microfilariae per se or the absence of 
adult worms at autopsy are not conclusive evidence that a marked effect 
has been produced. 


The Correlation Between Filaricidal Effects Obtained in 
Experimental Animals with Those Obtained in Man. One of 
the most important factors in the choice of a laboratory animal for the 
study of experimental chemotherapy against diseases in general is 
the correlation which can be expected when clinical trial is given in man. 
The use of birds and monkeys, for example, in searching for new anti- 
malarials, has demonstrated that a wide degree of variation can be ex- 
pected between the effects of drugs against avian, simian, and human 
malaria. Since the parasites of cotton rat, dog, and human filariasis are 
not of the same genera, let alone the same species, it would be reasonable 
to assume that comparable effects with the same drug might not always 
be produced in the different hosts. 

Some correlation has been demonstrated with certain types of com- 
pounds between filaricidal action against Dirofilaria immitis and Litomo- 
soides carinii. Otto and Maren? report that p-[bis-(carboxymethylmer- 
capto) -arsino]-benzamide kills all adult worms in cotton rats at doses of 
4.5 mg. per kg. (0.9 mg. As.) twice daily, intraperitoneally, for six weeks. 
Intravenous doses of 1.15 mg. per kg. (0.23 mg. As.) once daily for two 
weeks or longer killed most of the adult worms. In neither host were the 


_microfilariae affected per se. 


The results obtained with piperazine compounds, particularly 1- 
Diethylcarbamyl-4-methylpiperazine Hydrochloride, are also somewhat 
similar in filaria-infected cotton rats and dogs,’” although a more pre- 
dictable effect is produced in cotton rats. 

Lawton et al.2 found some differences in the effects of several antimony 
compounds tested in cotton rats and dogs. 

The correlation between results obtained in cotton rats and dogs with 
clinical tests in humans infected with Wuchereria bancrofti have thus far 
not been carried sufficiently far to justify definite conclusions. Brown’s'* 
results with Anthiomaline in man are suggestive that an effect is 
obtained similar to that obtained by Brown, Brooks, and Waletsky*® in 
dogs. Similarly, the data obtained by Culbertson, Rose, and Oliver- 
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Gonzalez! from treating human filariases with Neostibosan parallel closely 
the effect of the same compound against Litomosoides carinii.’ 

Preliminary results with THetrazan (1-Diethylcarbamyl-4-methyl- 
piperazine Hydrochloride) denote a close relationship between filaricidal 
activity in cotton rats and human cases.’ ?° 


In general, therefore, it appears that data obtained from cotton rats 
and dogs with regard to filaricidal action are suggestive of similar effects 
to be produced in human infections. The investigation of a wider 
variety of chemical compounds may demonstrate some very marked dif- 
ferences in this respect, but at present the choice of the cotton rat for 
providing leads for the therapeusis of filariasis in man has been amply 
justified. 


Discussion. Data which have been published, thus far, relative to 
the filaricidal action of various types of compounds in cotton rats and dogs 
have been obtained from naturally acquired infections only. Since the 
vector of Litomosoides carinii in the cotton rat is known,? it seems probable 
that methods will soon be devised for testing the effectiveness of chemical 
compounds against standardized infections. Scott? described a method 
for producing quantitative infections in cotton rats through the use of 
the vector (Liponyssus bacoti). Bertram, Answorth, and Gordon,”! and 
also Hawking and Burroughs,” have attempted to transmit the infection 
to other laboratory animals (albino rats and mice, and hamsters) with 
some success. 


Observations on the rate of growth and maturity in the cotton rat 
of worms introduced through the vector have been given by Scott,? and 
the pathology of untreated infections is discussed by Wharton.® 


The use of controlled quantitative infections in any test host for the 
study of chemotherapy possesses several obvious advantages over 
naturally acquired infections. The, effect of drugs upon different de- 
velopmental stages of the parasite can be studied, and the prophylactic 
possibilities of an active compound can be investigated. The relation- 
ship between drug dosage and the intensity of the infection can be better 
evaluated when infections of known character are produced experi- 
mentally. 


The use of laboratory-produced infections with Litomosoides carinii 
in cotton rats, and possibly in other hosts, should considerably advance 
our knowledge of the chemotherapy of filariasis in general. 


SUMMARY 


Methods used for screening and evaluating the filaricidal action of 
chemical compounds in cotton rats and dogs are discussed. The ad- 
vantages of the cotton rat over the dog for screening large numbers of 
compounds are mentioned, and it is pointed out that thus far the corre- 
lation has been good between filaricidal action in cotton rats, dogs and 
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humans. Possibilities are pointed out for obtaining quantitative evalu- 
ations of filaricidal activity in cotton rats through the use of infections 
induced by the vector. ~ 
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USE OF ARSENICALS IN FILARIASIS* 
By G. F. Orro anp T. H. Marent 


Department of Parasitology, School of Hygiene and Public Health, 
Johns Hopkins University, Baltimore, Maryland 


A careful review of the literature reveals that organic compounds of 
arsenic were used for filariasis before Rogers (1919) introduced antimony, 
in the form of sodium antimony tartrate, as a possible therapeutic agent in 
this disease. There was, apparently, no great enthusiasm over the results 
obtained, but there has been recurrent use of the arsenicals even since the 
advent of antimony into this field. Apparently, the only attempt at direct 
comparison of the filaricidal action of arsenic and antimony with that of 
other types of compounds was that of Hawking (1940). It is of more 
than passing interest that all seven of the trivalent types of arsenic com- 
pounds which he studied were highly active in vitro against the micro- 
filariae of Wuchereria bancrofti; three of the seven were more active than 
any of other 28 compounds including antimony and three more were 
equaled in 20 hours only by potassium antimony tartrate. However, 
the same author was unable to obtain any evidence that two of the 
trivalent types or the one pentavalent arsenical administered to filaria- 
infected patients had any effect upon these same microfilaria in vivo. 
Apparently, the statement by Goodman and Gilman (1941) that micro- 
filariae “can be killed by organic arsenicals” results from the in vittro 
studies of Hawking despite his failure to show such effects in vivo. 
Most of the clinical trials of arsenic for filariasis have failed to reduce 
the microfilaria count in either dog or man. However, there are a few 
reports of direct in vivo killing of microfilariae of Wuchereria bancrofti 
by arsenicals. Tanon and Giraud (1921) report that a pentavalent 
arsenical derived from atoxyl, Hectine (phenylsulfoneaminophenyl 


__arsenic acid, Raiziss and Gavron, 1923), given in doses of 2 mg. every 


other day for 20 days eliminated the microfilariae, and that in some 
cases the microfilariae had disappeared after the third or fifth dose. 
Ikegami (1920) is reported to have eliminated microfilaria from 
one patient by two doses of 0.3 g. of arsaminol (Japanese arsphen- 
amine) and that the patient remained blood-negative for the year he 
was under observation. Noc (1923) reports finding only dead and 
shriveled microfilariae in the blood of patients following the injection 
of eparseno (apparently a trivalent type of arsenical, the diglucoside of 

* This work was carried on initially under a contract recommended by the Committee on 
Medical Research between the Office of Scientific Research and Development and The Johns 


Hopkins University; it was continued under a contract between the Office of the Surgeon 
General, U.S.A., and the same university. 


+ Now in the Department of Pharmacology and Experimental Therapeutics, School of 
Medicine, The Johns Hopkins University. 


(39) 
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arsphenamine). More recently, Brown and Schoenbach have each re- 
ported the elimination of microfilariae from a patient receiving the in- 


tensified course of mapharsen (the latter author used the 5-day constant — 


drip method), and Rose and Culbertson (1945) found that the micro- 
filariae dropped six to seven months after the daily administration of 
melarsen oxide in doses, which produced encephalitis in 2 of the 18 
patients they treated. 

There was, apparently, no direct evidence that the adult worms had 
been injured either in vivo or in vitro by the arsenic in these earlier 
studies. It is of interest, however, that Tanon and Giraud found that 
the microfilaria did not recur within the two to three months of obser- 
vation following the use of Hectine and that the patients were clinically 
improved; specifically, the chyluria had disappeared and the total and 
differential leucocyte counts returned to normal. Likewise, Ikegami’s 
case treated with arsphenamine remained microfilaria-free for a year 
and the-chyluria which had cleared up immediately after treatment did 
not recur. It may well be that the adult worms were destroyed in these 
cases. Likewise, the loss of microfilaria over a six- to seven-month 
period after the administration of melarsen oxide by Rose and Culbert- 
son may perhaps be due to the death of the adult worms. A number 
of other workers have reported clinical improvement without demon- 
strable destruction of the microfilaria. Thus, Chopra and Rao (1929) 
noted that the use of a pentavalent arsenical, tryparsamide, reduced 
chyluria and eliminated the microfilaria from the urine. The same 
authors (1939) reported the same results with another similar compound, 
Soamin (atoxyl) and, further, that there was general clinical improve- 
ment. They concluded that Soamin was the best drug available for “con- 
trolling the infection in its early stages.” However, because it did not 
reduce the microfilaria count, it was placed second to Fuadin, which 
produced a temporary reduction in the microfilaria, though usually with- 
out clinical improvement. Van der Sar and Hartz (1945) likewise 
reported clinical improvement with reduction of eosinophilia, following 
the use of mafarside (mapharsen). Various explanations have been 
offered for this clinical improvement. O’Connor (1922) thought-it might 
result from the rest imposed during the treatment. Others have referred 
to the “tonic” effect of the arsenic; among these is Hays (1933), who 
reported clinical improvement following the administration of arsphena- 
mine to dogs infected with the heartworm, Dirofilaria immitis. None 
seem to have seriously considered that such improvement might have been 
brought about by the death of the adult worms. On the other hand, 
King (1944) noted the acute exacerbation of lymphangitis and epidi- 
dymitis following the use of mapharsen and raised the question as to 
whether or not this may have resulted from worms killed in situ by the 
treatment. The data are rather meager and few cases have been followed 
long enough to determine whether the benefits are temporary or may be 
considered to have been permanent. 


s 
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_ Thus, previous work, although fragmentary and inadequate, has 

established (1) that the trivalent type arsenic compounds have an in 
vitro microfilaricidal action; (2) that with intensified therapy some of 
them, at least, have an in vivo microfilaricidal action; and (3) that 
_ there is some indirect evidence that adult worms may have been killed 
or injured by the intensified therapy. In view of our own work with 
arsenic and antimony (Otto and Maren, 1947; Otto, Maren, and Brown, 
1947; Otto and Maren, in press) and recent reports in the literature 
(viz., Brown and Thetford, 1946; Culbertson, Rose, and Oliver-Gonzalez, 
1945) we raise the question whether or not the negative results obtained 
by many workers with arsenic given at weekly intervals or twice a week 
have any real significance, and it is, perhaps, surprising that no one seems 
to have given arsenic a more thorough study in this connection. It would 
be very comforting to be able to say that our own interest in the filaricidal 
possibilities of arsenic was a logical development from this review of the 
literature. Such, however, is not the case; it was only after we had redis- 
covered the filaricidal action of this substance that a most careful review 
of the literature revealed the earlier reports. 

When our studies were initiated, in 1943, we directed our attention, in 
common with most others, towards antimony, but we early became con- 
vinced that antimony offered little opportunity for an improved therapy 
of filariasis. In considering the possibilities in other types of compounds, 
our interest was directed most sharply to the rather extensive field of non- 
metallic organic compounds. Accordingly, it was almost by accident that, 
early in our studies, mapharsen was included with a group of compounds 
for in vitro assay. 


MATERIALS AND METHODS 


No attempt will be made, here, to outline in detail the procedures of 
our study. Initial screening of drugs was in vitro, utilizing the micro- 
filaria of Dirofilaria immitis as the test organism in many cases compared 
directly in vitro against the adults of Litomosoides carinii. ‘This was 
_-followed by in vivo assays, in L. carinii infected cotton rats, of compounds 
selected after in vitro trial. No compound which offered any promise was 
discarded unless it failed to kill adults of L. carinii after 40-45 daily doses 
at a level, as near as we could judge, close to the maximum tolerated 
dose; in some cases this actually exceeded the L.D.59.. Compounds which 
survived this test were administered to cotton rats in various reduced 
schedules and acute toxicity determined on mice if adequate information 
was not available. As a result of these studies, a selected few compounds 
were administered to dogs first in the 40-45 day schedule at toxic levels 
and, if justified, thereafter in reduced schedules. Although microfilarial 
counts were made, the criterion of effectiveness was death of the adult 
worms. ‘Two arsenicals which survived these tests were subjected to a 
thorough study of their pharmacological properties including blood levels, 
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excretion rates, retention in tissues, and tolerance in a number of species 
of laboratory animals. One of these was finally administered to filaria- 
infected patients. 


DISCUSSION OF RESULTS 


As indicated above, mapharsen was, more or less accidentally, run 
through our in vitro screening procedure and proved to be much more 
active than any of the antimony compounds and the approximately 75 
non-metallic compounds we had tested by that time. Because of our 
knowledge of its use in man for syphilis, and despite previous reports of 
its failure to reduce the microfilaria counts, it was immediately admin- 
istered to L. carinii infected cotton rats in doses of 0.9 mg. As. (3.0 mg. 
mapharsen) /kg. b.i.d. for 45 days and to a D. immitis infected dog in 
doses of 0.6 mg. As. (2.0 mg. mapharsen) /kg. daily for 35 days. The 
results were completely negative, so that rather than consider this drug 
further we intensified our consideration of other substituted phenyl arsen- 
oxides. The pentavalent analogues of some of them were also studied. 
We are indebted to Dr. Harry Eagle of the United States Public Health 
Service, the National Research Council, and various commercial concerns 
who kindly supplied many of these arsenicals. 

We may dismiss the pentavalent arsenicals briefly with the note that 
all of those considered were either inactive at any dose both in vitro 
against microfilaria of D. immitis and in vivo against L. carinii in the 
cotton rat, or were active only in highly toxic doses, usually at or above 
the L.D.59 level. 

It may be well to note that the phenyl arsenoxides were all compared 
on the basis of arsenic equivalents, and when compared directly with 
trivalent antimony compounds, in the latter part of our work, this com- 
parison was on the basis of equivalent moles-of the two metals and not 
on the basis of equivalent weights either of metal or total compounds. 
Incidentally, if the comparison on the basis of equivalent moles of metal 
alters the picture, it gives antimony a more favorable place in the com- 
parison of filaricidal activity than if it had been on the basis of equivalent 
weights of metal. All of the phenyl arsenoxides were much more active 
in vitro than antimony or any of the non-metallic compounds tested: 
not only did arsenic kill at higher dilutions, but even at killing dilutions 
its action was much more rapid than that of antimony. There was, 
however, about a 30-fold difference between the least active and the 
most active of these phenyl arsenoxides, while the differences in toxicity 
for mice was scarcely more than three-fold. 

The most active were the amide-substituted compounds, either the 
p-arsenosobenzamide or the /-arsenosobenzenesulfonamide types, and 
these compounds had a favorable therapeutic index as judged by micro- 
filaricidal activity in vitro and acute L.D.59 in mice. The administration 
of the phenyl arsenoxides to cotton rats in doses of 0.9 mg. As/kg. b.i.d. 
for 25 and 45 days again singled out the amide-substituted compounds; 
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they alone reduced the microfilaria blood level 70-90 per cent during 
treatment and killed 90-100 per cent of the adult worms. The admin- 


istration of these same compounds at half the above dose for the same 
z period of time, and various other reduced doses, singled out p-arsenoso- 


benZamide (T.D.C. 7£622) as offering the greatest promise. At these 
reduced doses, however, it had a lethal effect upon the adults without 
killing the microfilariae. Accordingly, it was administered to D. immitis 
infected dogs, and toxicity and pharmacology were studied in a variety 
of laboratory animals. 

Briefly, the results of the pharmacological studies revealed that it had 
about the same degree of both acute and chronic toxicity as mapharsen. 
There was no appreciable concentration of the arsenic in any particular 
organ, but that portion not immediately excreted was more or less evenly 
distributed through all tissues studied. One conspicuous feature of the 
arsenic distribution was that the adult worms invariably contained as 
much metal as the host organs, and usually they contained much more. 
The compound was easily tolerated by cotton rats in intraperitoneal doses 
of 0.9 mg. As/kg. b.i.d. for 45 days and by dogs in intravenous doses 
of 0.9 mg. As/kg. daily for the same length of time. Doses as low as 
0.45 mg. As/kg. for 37 and 45 days killed all the adult worms in the dog. 
It may be worth noting, here, that these dead worms were found in the 
pulmonary arteries, often deep in the lungs, and only in rare instances 
were any of them found in the right ventricle of the heart which is 
their normal habitat when alive. 

Reduced doses, as in the cotton rat, failed to effect the blood micro- 
filaria level. Furthermore, the drug could scarcely be considered for 
routine administration in either water or saline since it is very insoluble 
(1:800). Despite these two undesirable features, the compound seemed 
to offer some promise since, so far as we know, it was the only one known 
to kill all the adult filaria in both the cotton rat and the dog in doses 
which even approached that which might be considered as feasible in 
routine practice in either human or veterinary medicine. Thus, con- 


~ siderable thought was given to the question of increasing its solubility 


before proceeding with a more detailed study of its therapeutic efficiency 
at lower doses. We discussed at considerable length the possible use of 
organic solvents as the vehicle for its administration, but this possible 
procedure was discarded without experimentation; rather, attempts 
were made to increase the solubility without materially altering toxicity 
or therapeutic effectiveness by changes in the chemical structure of the 
compound itself. Accordingly, three other compounds were obtained, 
two of them by synthesis in our laboratory, in which the oxygen of 
p-arsenosobenzamide was replaced by organic radicals. These com- 
pounds were produced by replacing the oxygen with dicysteinyl, dithio- 
salicylic, and dithioglycollate respectively. It is not necessary, here, to 
make a detailed comparison of these compounds. Considerations of tox- 
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icity, therapeutic action, and solubility focused our attention on the last- 
named. ; 
This compound is p-[bis-(carboxymethylmercapto) -arsino]-benzamide 
and now bears the non-proprietary name, arsenamide, approved by the 
Council on Pharmacy and Chemistry of the American Medical Associ- 
ation (1948). It has also been referred to in the literature under 
Tropical Disease Center #970 and as the thioarsenite of p-arsenoso- 
benzamide (Otto and Maren, 1945). Its structural formula is as follows: 


As-(S.CHCOOH), 


CNH, 
O 


Maren (1945) has reported on the chemistry and synthesis of arsen- 
amide.* It is a white powder containing 20 per cent arsenic and stable 
at room temperature; the sodium salt is readily soluble; and it is stable 
both in buffered and unbuffered solutions in amber ampoules at either 
refrigerator or room temperature. We have used it intravenously in 2 
per cent solutions as the sodium salt both in buffered (pH-6.9-7.1) and 
in unbuffered solution (pH 5.9-6.1). 

Preliminary in vitro and in vivo studies indicated that, in terms of 
arsenic equivalents, arsenamide had essentially the same therapeutic pos- 
sibilities’ as its precursor, p-arsenosobenzamide, and had essentially the 
same acute L.D.59 for mice as both p-arsenosobenzamide and mapharsen. 
Accordingly, in order to obtain further information on its therapeutic 
action and its toxicity for animals, it was administered in graded daily 
intravenous doses to a series of dogs (TABLE 1, reproduced from Otto 
and Maren, 1947). Both dogs (#11 and #25) receiving daily doses of 
1.8 mg. As/kg. died on the fifth day, one of them having received only 
3 doses. However, the adult filariae had already been injured, since the 
only three worms in one dog and five of the 38 in the other were dead, 
while the remaining were very inactive. Some of them responded only 
very sluggishly to tactile stimuli, both immediately upon removal from 
the dog and after two and 24 hours incubation at 37° C. The remaining 
dogs, even those (35 and #27) receiving 0.9 mg. As/kg. daily for 30 
days, suffered no demonstrable ill effects. Attention is accordingly 
directed towards dog Number 31, which died on the 12th day after only 

* We are indebted to C. K. Banks, of Parke, Davis and Company, Detroit, who later 
supplied the main stock and its precursor (#622) from which we made much of our supply; 
to Fitzgerald Dunning and J. H. Brewer, of Hynson, Westcott, and Dunning, Baltimore, 


who ampouled the compound in 2 per cent solution for use; and to CG. K. Banks and A. C. 
Bratton, Jr., who ampouled our more recent supply of the 2 per cent solution. 
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_ Tasre 1 


TREATMENT OF Dirofilaria immitis WirnH Dairy INJECTIONS OF 
ARSENAMIDE (T.D.C. #970) 


Daily Adult worms 
dose _ No. of Total dose 
Dog (mg. injections | (mg. As/kg.) | Fate of dog Dead in 
As/kg.) Alive in | pulmonary 
heart artery 
11 1.8 5 s) D, 5 days 25 5 
(Sluggish 

25 1.8 3 5.4 D, 5 days 0 3 
5 0.9 30 Zi Healthy, K 0 13 
tiie 
24) 0.9 30 27 Healthy, K 0 Zit, 
28 0.9 15 1300 Healthy, K 0 738 
26 
Phe 

9 0.9 15 1309 Healthy, K 12 0 

(alternate (Sluggish ) 
days) 

29 0.45 15 6.8 Healthy, K 0 32 
2fr. 
32 0.23 15 3.4 Healthy, K 0 49 
62 
Pye 
aH! 0.23 11 25 D,* 12 days 0 199 
124 

34 OuLIS 15 lt] Healthy,K | 16;29 0 

(Active) 


* This dog was critically ill before experiment started. 
fr. = fragmented. 
D, Died; K, Killed. 


11 daily injections 0.23 mg. As/kg.; this dog was critically ill, had 
refused food, and seemed moribund before treatment was initiated. It 
was used because it was the only dog available and we were rather sur- 
prised that it survived long enough to receive 11 injections. It will be 
noted that all worms present were dead in all dogs receiving daily injec- 
tions of 11 doses or more down to and including this animal. It would 
appear that the effectiveness of the drug may not be measured in 
terms of the total dose, since the worms were not all dead in the animal 
(4t11) receiving a total of 9.0 mg. As/kg. over a five-day period and 
the one (#9) receiving 13.5 mg. in doses of 0.9 mg. every day over a 
- 30-day period, whereas they were all dead in dogs 31, 32, and 29, 
receiving totals of only 2.5 to 6.8 mg. As/kg. in daily doses over an 11- 
to 15-day period. While the data are obviously not conclusive, they 
have the support of similar data in the cotton rat not only with arsenamide 
but with other of the phenyl arsenoxides as well. Although it is obvious 
that the dose schedule cannot rest alone on the most effective therapeutic 
procedure but must be reconciled with considerations of toxicity as well, 
the point, nevertheless, has some importance and will warrant further 


investigation. 
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The only worms in the treated dogs which were comparable in activity 
to those in untreated animals were those in the animal (#34) which 
received the lowest dose (0.115 mg. As/kg. daily for 15 days). It seems 
evident, then, that the minimum effective dose apparently is somewhere 
near the level of 0.2-0.23 mg. As/kg. daily for two weeks. 

Essentially all of the above data were obtained more than two years 
ago and we were tempted, at that time—indeed, we were under some 
pressure—to give this compound clinical trial in man. Although it seems 
obvious that some risk is involved in the administration of any thera- 
peutic agent to man for the first time, we are of the persuasion that these 
risks may be reduced to a really unavoidable minimum by adequate study 
of the basic pharmacology in a variety of laboratory animals. Accord- 
ingly, the acute toxicity was further investigated, but particular atten- 
tion was given to the effect of daily doses repeated over a long period 
of time, in a variety of laboratory animals including the monkey. These 
studies involved excretion rates, blood levels (including plasma-cell par- 
titions), and tissue concentrations after multiple daily injections. Atten- 
tion was also given to the gross and microscopical anatomy after fatal 
as well as after long sustained readily tolerated doses. 

It will be sufficient, for the purposes of this review, to comment briefly 
on the results in monkeys. Seven Rhesus monkeys were given a graded 
series of 20 intravenous injections over a 21-day period (TABLE 2). 


TABLE 2 


RESULTS OF REPEATED INTRAVENOUS DosEs oF ARSENAMIDE 
IN Rhesus MONKEYS 


Daily dose 

Number | Weight (kg.) mg. As/kg. No. doses Fate 

M 821 Dal 0.3 20 Survived, healthy 

M 817 3.2 0.45 20 Survived, healthy 

M 824 Dee 0.9 20 Survived, healthy 
M 819 2.8 0.9 20 Survived, healthy 

M 830 2.6 $35 20 Survived, healthy 
M 827 1.8 1235) 8 Died 5 hrs. after 8th inj. 
M 818 3.1 1.8 20 Survived, healthy 


Since it was visualized that the preliminary clinical trial in man might 
well be at the level of 0.3 mg. As/kg. for 15 days, the lowest dose admin- 
istered to monkeys was at this daily dose level, but the total was ex- 
tended by a third to 20 doses. It will be noted that the only fatality 
was one of the two monkeys receiving 1.35 mg. As/kg. However, none 
of the other monkeys showed any ill effects, including the other animal 
on this same dose and the one receiving 1.8 mg. There was no loss of 
appetite, activity, or weight; in fact, three of the animals, including these 
last two, gained about half a kg. It is interesting to note that only the 
lightest monkey (1.8 kg.) died, but one hesitates to attach too much 
significance to the fact. The six surviving monkeys were killed 48 hours 


’ 
| 


be ae bye’ 4! 


i ah 
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_ after the last injection, and arsenic determinations were made on various 


organs by Maren’s (1946) modification of Magnuson and Watson’s 


_ method. There was no discernible gross pathology and, so far, we have 


been unable to find any evidence of microscopical pathology, but this is 


_ being re-checked by the pathologist. At the lowest doses, there was no 


conspicuous accumulation of arsenic in the internal organs, with the pos- 
sible exception of the thyroid, which contained 4 to 8 micrograms per 


- gram, and the liver which contained 1 to 2 micrograms per gram. In 


the monkeys which survived the higher doses (0.9-1.8 mg.), the thyroid 
contained 12 to 26 micrograms per gram, but the liver content was no 
higher than at the lower doses. The monkey (3827) which died 5 hours 
after only eight doses of 1.35 mg. As/kg. had conspicuously more arsenic 
in most organs except the thyroid gland. Thus, the lung contained 2.2, 
the spleen 2.3, and the liver 21.0 mg. As/g. It seems likely that the short 
interval between the last injection and death, as well as the fact that 
the animal was not able to handle the arsenic as well as the others, may 
account for these unusually high values. 

Arsenic levels in both blood cells and blood plasma were followed 
during the first 48 hours after the initial injection and again after the 
final injection. There was essentially no difference in the blood levels 
at the beginning and at the end of treatment. In both cases, blood levels 
were variable within the first hour after injection and tended to level 
off at less than 0.1 microgram per gram, in some cases remaining near 
that level for 48 hours but in others dropping within the first 24 hours. 
In general, the cells contained slightly more arsenic than did the plasma, 
but there was no conspicuous movement of the metal to the cells such as 
occurs with unsubstituted phenyl arsenoxide (Hogan and Eagle, 1944) 
or with trivalent antimonials (Otto, Maren, and Brown, 1947). 

Urinary excretion of the arsenic amounted to 7 to 10 per cent during 
the first 48 hours after the initial injection and 5.5 to 11 per cent during 
the same period after the last injection. Fecal excretion during the same 
period amounted to 1 to 7 per cent after the initial injection and 2.5 


to 13 per cent after the last. 


As a result of these studies on monkeys and collateral studies on other 
laboratory animals, it seemed reasonable to administer this chemical to 
man in daily doses of 0.3 mg. As/kg., but we finally decided to give pre- 
liminary clinical trial with 0.2 mg. As/kg. daily for 15 days, since this 
approximates the minimum effective dose in dogs. Accordingly, the 
drug was administered in this dose schedule to 18 negro adults harboring 
microfilaria-positive but asymptomatic W uchereria bancrofti infections 
in St. Croix, Virgin Islands.* The treatment was easily tolerated. Nine 
of the patients became blood-negative, as judged by the examination of 
0.1 cc. of night blood. The microfilaria count dropped nearly to zero 
in the remaining nine: by way of example, one dropped from 760 to 2. 
”* These studies were carried out jointly with Doctors H. W. Brown, N. D. Thetford, and 


S. D. Bell, Jr., and were supported in part by a grant from the John and Mary R. Markle 
Foundation to the School of Public Health, Columbia University. 
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Six of these patients have now been followed five to ten months post- 


treatment and there have been no changes in the microfilaria level except 


that two of those which were not completely free of the microfilaria 
immediately after treatment failed to show microfilariae on the last 
examination; one of those previously reported negative has since shown 
one microfilaria by Knott’s (1939) method aplied to 1.0 cc. of blood 
(Thetford, Otto, Brown, and Maren, 1948). Thus, in so far as the 
microfilaria count may be taken as an index of cure, there were no com- 
plete failures, and half of those treated would, on this basis, be classified 
as cured. 

It is more interesting to note that this chemical, which did not destroy 
the microfilariae of either Litomosoides carinii or Dirofilaria immitis when 
administered to the host in even higher doses, quickly destroyed those 
of Wuchereria bancrofti. This raises a number of important questions. 
Is the latter species more susceptible than the two former? Are there 
any differences in the physiological reaction of the hosts which are of 
significance? Is it possible that there is complete reversal of the action 
so that the adult worms are uninjured or at least not killed while the 
microfilariae are destroyed in man, whereas the reverse is true in the dog 
and cotton rat? These are some of the questions which remain to be 
answered with reference to this compound. It would appear, however, 
since there was no return of microfilariae in those patients following six 
to eight post-treatments, that the adult worms had suffered at least some 
injury. We have no evidence that any of these phenyl arsenoxides 
sterilize the adult females of either L. carinii or D. immitis, such as 
appears to be the case with most of the trivalent antomonials (Ashburn, 
Perrin, Brady, and Lawton, 1945). However, we have not, as yet, ex- 
plored this possibility sufficiently to be able to say definitely that such 
action does not occur. There is some suggestion that at least some of the 
adults may have been killed, since some of the patients suffered acute 
attacks of lymphangititis or lymphadenitis in the inguinal region. ‘More 
studies are needed before we can be certain of the full significance of 
these observations. At present, all we can say with assurance is that 
arsenamide destroys the microfilariae of W. bancrofti at the same dose 
which has been shown to kill the adult filariae (D. immitis) in the dog; 
so far as we can determine from the literature, this is the first and only 
time this relationship has been’ reported. It seems evident, then, that 
until even more favorable therapeutic agents are available the substituted 
phenyl arsenoxides warrant serious consideration in the therapy of fila- 
riasis, and that further study of arsenamide is justified. 


SUMMARY 


The literature and our own studies indicate that the trivalent type of 
organic arsenicals are active in both canine and human filariasis, and 
the substituted phenyl arsenoxides are singled out as warranting par- 
ticular consideration. One of these, p-[bis- (carboxymethylmercapto) - 
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arsino|-benzamide, now known under the non-proprietary name of arsen- 
amide, has been shown to kill the adults of Dirofilaria immitis in dogs 
in easily tolerated doses. This same dose is easily tolerated by man and 
has been shown to destroy the microfilaria of Wuchereria bancrofti. So 
far as we know, this is the only therapeutic agent for which both of these 
observations have been reported. It remains to be determined whether 
or not the adults of W. bancrofti are killed by this treatment. 
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TREATMENT OF FILARIASIS 
WITH ANTHIOMALINE 
(LITHIUM ANTIMONY THIOMALATE) * 


By H. W. Brown 


School of Public Health, Faculty of Medicine, 
Columbia University, New York, N. Y. 


Introduction. The development of our knowledge concerning the 
therapy of filarial infections in man has been marked by extremely fruitful 
results in the past ten years. The extent of our knowledge in 1937 was 
that several antimony and arsenical compounds would temporarily depress 
the microfilaria counts in man, but a drug that would give a permanent 
reduction was unknown. Today, there are a number of drugs that give 
promise of curing filarial infections. The relative success of Fuadin in 
Dirofilaria immitis infections naturally directed attention to the whole 
antimony-containing group. We began with a study of the effectiveness 
of Fuadin in canine filarial infections in 1938, and also used it in conjunc- 
tion with the (then) new drug, sulfanilamide (Brown,’ Brown and Shel- 
don”). The shortcomings of Fuadin led us to try other antimony com- 
pounds, among them anthiomaline, lithium thiomalate. Anthiomaline has 
the following structural formula: 


1iO = CO. CH -S i 
LiO . CO CHs Sb . 9H:O 


It is supplied as a 6 per cent solution, 1 cc. containing 60 mg. of anthio- 
maline or 10 mg. of antimony. 

~ When our program of filaria therapy was begun, the dog heartworm, 
Dirofilaria immitis, was the only parasite available for experimentation. 
We proceeded, therefore, to test the efficacy of anthiomaline in infected 
dogs. Although practically all therapy using antimony compounds was 
given on alternate days or with even longer lapses, the advantages of a 
short course of therapy were so apparent that we tried the effect of daily 
doses instead. 

Nine to eleven daily doses of anthiomaline containing from .80 to 2.10 
mg. of antimony per kg. of animal weight given intramuscularly, promptly 
reduced the microfilaria count 95, 100 and 100 per cent in three dogs 
(TABLE 1). Dog No. 2 died, however, and toxicity studies in progress with 

* The financial support of the John and Mary R. Markle Foundation is gratefully acknowl- 
edged. The anthiomaline was kindly furnished by Merck and Company, Rahway, N. J 


Some of the data presented here are part of unpublished studies made with Drs. T. J. 
Brooks, Jr., E. Waletzky, and G. Spremuli. 
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Tasie 1 


TREATMENT OF Dirofilaria immitis wirH REPEATED Datty INTRAMUSCULAR 
INJECTIONS OF ANTHIOMALINE* 


Dog wel 12:5 kg: Dog #2 9.5kg. Dog #3 13.5 kg. 
Dose Dose Dose : 

as mg. Micro- as mg. Micro- as mg. Micro- 

Sb/kg. filariae Sb/kg. filariae Sb/kg. filariae 

Day| wt. dog per cc. wt. dog per cc. wt. dog per cc. 
1 0.8 390 1.05 200 74 210 
2 0.8 180 1.05 180 74 220 
% 0.8 200 1.05 150 74 160 
4 0.8 220 1.05 130 74 140 
& 132 190 es) 100 1.11 150 
6 1.6 180 2.10 80 1.48 100 
U 1.6 120 2.10 70 1.48 70 
8 1.6 110 2.10 10 1.48 40 
9 1.6 50 2.10 0 1.48 0 
10 1.6 20 2.10 0) 0 
11 1.6 30 0 0 
12 10 Died 0 
13 20 0 
14 40 0 
15 20 0 


* From the thesis of T. J. Brooks, Jr., University of North Carolina, 1942. 


the therapeutic tests suggested that the dosage, although therapeutically 
active, was well into the toxic level. Lawton, Brady, Ness, and Haskins? 
report that six intravenous injections of anthiomaline at 0.8 mg. Sb/kg. 
of body weight eliminated the circulating microfilariae from their experi- 
mental dogs. 


TABLE 2 


EFFECT ON MicroFiILariA Count oF Dirofilaria immitis or ANTHIOMALINE 
Given INTRAMUSCULARLY 


Anthiomaline Microfilariae per cc. blood 
Dog mg. antimony | Number Before After Days 
No. | Wt. kg. per kg. dog doses treatment treatment | followed 
11 10.5 4.76 1 20 0 8 
12 7 4.7 1 5,000 0 BUS 
10 17225) 4.0 1 1,620 0 7 
7 16 Sel 1 150 28 18 
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Since the repeated daily doses of anthiomaline in our experience did 
not free the bloodstream of all -microfilariae, and since the drug’s toxicity 
is due to cumulative effects, we next studied the effects of from 1 to 3 
large doses given intramuscularly. Three of four dogs (TABLE 2) given a 
single injection of 4.0 to 4.7 mg. of antimony per kg. of weight were all 
microfilaria-negative in from 3 to 7 days. Dog No. 12, whose original 
count was 5,000 microfilariae per cc., was still blood-negative after 515 
days. The other 2 dogs were autopsied 7 and 8 days after their blood 
became free of microfilariae. 

The fourth dog, No. 51, exhibited a drop in microfilaria count from 
_ 430 to 50 per cc. of blood. After 30 days, a second dose at the rate of 
4.0 mg. antimony per kilogram of body weight was given, yet the micro- 
filaria count persisted at 50 per cc. One dog given a single intramuscular 
injection of 3.1 mg. of antimony per kilogram experienced an 81 per cent 
drop in microfilaria count. 

These preliminary results using a large single dose of anthiomaline were 
encouraging until a series of 8 dogs were given similar doses for toxicity 
studies and two of the dogs (25 per cent) died. 

In view of the toxicity of the single large dose of anthiomaline, we 
attempted a compromise between repeated small doses and a single large 
dose. Additional dogs were treated with from 2 to 4 daily injections of 
smaller amounts of the drug (TABLE 2). Two injections of 2.5 to 3.5 mg. 
of antimony per kilogram reduced the microfilaria count to 0 in only one 
of four dogs, and one of the four dogs died as a result of the treatment. 
Three doses of 3.4 mg. of antimony per kilogram of dog were well tolerated 
by a single dog, whose microfilaria count was immediately reduced from 
32,280 per cc. to 0, where it remained during the 110 days of observation. 
Three other dogs given 2.0 to 2.5 mg. of antimony for three consecutive 
days all became microfilaria-free, yet the dog on the 2.2 mg. dose died one 
day after completion of treatment. Studies are still in progress to ascer- 
tain whether or not there is a safe effective dose of anthiomaline for use 
against Dirofilaria. 

The test of effectiveness of anthiomaline against D. immitis has been 
given above in terms of microfilaria reduction, although it is apparent that 
the adult worm residing in the heart cavity is the real object of the thera- 
peutic tests. A number of the dogs were ‘autopsied from 2 to 30 days 
after completion of the various anthiomaline treatments and a search was 
made for the adult worms. In several instances, live sterile worms and 
_live adults that passed microfilariae when placed in saline were found. 
- Disappointingly few dead worms were found. In a number of instances, 
no adult worms were found. Stecle® reported, however, that two dogs 
treated with anthiomaline at the Naval Medical Research Institute became 
blood-negative for microfilariae and four months after treatment autopsy 
disclosed only dead adults. 

Monosodium antimony thioglycollate and Fuadin, both trivalent drugs, 
similarly clear the blood stream of Diro filaria microfilariae, yet leave living 
adults in the heart. 
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The Toxicity of Anthiomaline to Dogs. Toxicity studies on dogs 
were carried on simultaneously with the therapeutic trials in dogs. A 
series of 28 dogs were given single intramuscular injections of anthiomaline 
containing from 1.67 to 7.27 mg. of antimony per kg. weight of dog. As 
will be seen in TABLE 3, the fatality rate increased as the dose of drug was 


TABLE 3 


ANTHIOMALINE ToxicIry—SINGLE INTRAMUSCULAR INJECTION IN Docs 


Intramuscular Drug : 
Dog Dog anthiomaline Merck—M | Fatality 
No. wt. kg. mg. Sb/kg. Result French—F rate 
1BN 30. 1.67 Died F 
12BK Die 2.38 Lived F 
13BN Gir PAS) Lived M 20% 
13BN ayer 255 Lived F 
14BN 15. 2.67 Lived M 
9BN 16 2.70 Died M 
32BK 7 3.0 Lived F 
13BN 16.5 3.03 Lived M 
14BN 13.2 3.08 Lived F 20% 
7BN 16 Onto Lived M 
14BN 15 3:33 Died M 
15BK 10.4 3.85 Died F 
51B 11.9 3.85 Lived F 
17BK 10. 4. Died F 
15W 1. 4. Lived F 25% 
51W 11.6 4. Lived F 
22W 10.1 4. Lived F 
10BK Ps: 4. Lived F 
22BK 1252 4.10 Lived F 
16BK 11.0 4.55 Died F 50% 
11BK 10.5 4.76 Lived F 5 
WwW iLO). 5.00 Died F 
21BK 9.6 Bl Died F 
5BN 9.5 5.26 Died F 100% 
14aBN 9.0 56 Died M 
18BK 8.5 5.88 Died F 
20BK ike 7.14 Died F 
19BK 6.9 WPT Died F 100% 


increased until a 100 per cent mortality was reached at 5.0 mg. antimony. 
Individual susceptibility was marked, however; for example, dog 1BN 
receiving 1.67 mg. antimony per kilogram of body weight died, yet dog 
11BK receiving 4.76 mg. survived. 

Repeated doses of anthiomaline on from 2 to 11 consecutive days were 
given to a series of 21 dogs, and again the results were irregular, indicating 
the varying susceptibility of dogs to the drug. Dog 61BN, given 3.00 mg. 
of antimony per kg. of body weight on two successive days, died, while dog 
8BK given 7.55 mg. lived (TaBLE 4). It is apparent, however, that the 
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TABLE 4 


ANTHIOMALINE ToxicIry—MULTIPLE INTRAMUSCULAR INJECTIONS IN Docs 


Intramuscular Drug 
Dog Dog anthiomaline Merck-M 
No. wt. kg. Doses mg. Sb/kg. Result French-F 
60W 11.4 2 2.50 Lived F 
31W 20.6 2 3.00 Lived F 
13B&W 16.3 2 3.00 Lived F 
61BN 14.6 2 3.00 Died F 
44BN&W 11.6 2 3.50 Lived F 
5O0OBN&W 11.9 2 3.50 Died yj 
6BK 10.0 2 4.00 Died F 
7BK 8.0 2 5.00 Died F 
8BK eo 2 7.55 Lived F 
62W 6.9 3 2.00 Lived F 
4BK 18.0 3 2e22 Died F 
84BN 5.9 3 2.50 Lived F 
64BN 22.9 3 3.00 Died F 
82BN 12.3 3 3.00 Died F 
5BK LES 3 S27 Lived F 
23BN 7.8 5 2.05 Died M 
7BN 14.7 5 1.36 Lived F 
21BN 8.5 6 ZO Died F 
3BK 13.5 9 16 Lived F 
(.74-1.48) 
2BK 9.5 10 1.63 Died F 
(1.05—2.10) 
1BK 12.5 11 1.20 | Lived F 
(.80—1.60) 


toxicity is cumulative, for repeated small doses are toxic whereas a single 
large dose may be well tolerated. As would be expected, a given amount 
of anthiomaline is less toxic when divided over a number of days than 
when given in one or two days. Dog 8BK appears to be an exception to 
this rule, as it survived the massive dose of 15.10 mg. of antimony per kg. 
of body weight given in two days. As would be expected, dogs in excellent 
physical condition were more resistant to the toxic effects of antimony than 
were dogs that were obviously in poor condition. 

_ The intramuscular LD 50 dose of anthiomaline for dogs is approximately 
4.5 mg. Sb per kilogram weight of the animal. On the other hand, white 
mice with an intraperitoneal LD 50 of 16.5 mg. Sb/kg. are relatively 
much more resistant to the toxic effects of the drug (Lawton, Brady, Ness, 
and Haskins?) . 


Therapy of Litomosoides carinii of the Cotton Rat with Anthio- 
maline. The cost of dogs and the difficulty of securing large numbers 
infected with Dirofilaria led to a search for other hosts with filaria infec- 
tions suitable for therapeutic studies. Litomosoides carinii of the cotton 
rat was first used by Culbertson and has been extensively used recently in 
screening programs in the search for therapeutic agents against human 
filariasis. The adult worm lives in the pleural cavity which perhaps is 
more similar to the habitat of Wuchereria in man’s lymphatic system than 
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TABLE 5 


Errect or ANTHIOMALINE in vivo oN Litomosoides carinit ADULTS 
AND MICROFILARIAE 


(Bieter ;° Culbertson;’ Robinson’) 


Total dosage Duration of % Reduction in| % Adults dead 
mg. of antimony oe dosage days microfilariae at autopsy 
per kg. of rat 
B 43.2 ip. 6 0 0-25 
{By 86.4 ip. 12 0 50-100 
(C) 50.0 im. 30 0 0 
(R) 1020.0 im. 119 99-100 100 


that of D. immitis inhabiting the cavity of the dog’s heart. TasLe 5 gives 
the results of studies by Bieter,® Culbertson,’ and Robinson,’ using anthio- 
maline against L. carinii. Bieter found that 86.4 mg. of antimony per kg. 
of rat given intraperitoneally over 12 days killed 50-100 per cent of the 
adult worms but did not reduce the microfilaria count. These results 
indicate that the adult worms are more susceptible to anthiomaline than 
are the microfilariae. On the other hand, Robinson, who gave 20 mg./kg. 
intramuscularly three times a week for 17 weeks, reports both the adults 
and microfilariae killed. At the end of 13 days, intramuscular therapy, 
total antimony 100 mg./kg., he noted a 68 per cent reduction in micro- 
filaria count, whereas Bieter after 12 days of intraperitoneal therapy with 
a total of 86.4 mg./kg. of antimony found no reduction in microfilaria 
count. These doses are so nearly similar that one suspects that the route 


of administration may have been responsible for the great difference in 
effect. 


In Vitro Tests against Microfilariae. As part of screening tests 
for new filaricidal drugs, in vitro experiments using microfilariae of D. 
immitis, W. bancrofti, and L. carinii have been used. Although the short- 
comings of such a test are well known, it has the advantage of simplicity 
and may be of value especially in ascertaining the relative activity of mem- 
bers of a chemical series. We used the in vitro test to compare the activity 
of anthiomaline against the microfilariae of D. immitis and W. bancrofti 
in order to get a comparison of its possible activity against them in their 
respective hosts. The test is simple; microfilariae are centrifuged from 
infected blood and placed in a saline solution containing varying concen- 
trations of the drug. After two and a half hours and twenty-one hours 
of contact with the drug in a 30° F. incubator, a count is made under the 
microscope to ascertain the percentage of microfilariae that have been 
killed. Tasxe 6 gives the result of such a test. It will be seen that the two 
and a half hours of exposure to various concentrations of anthiomaline had 
little effect on the microfilariae of either species. After exposure for 
twenty-one hours, however, 100 per cent of the W. bancrofti microfilariae 
were dead in both the 1-1,000 and 1-10,000 dilutions of the drug. The 
activity against D. immitis microfilariae was slightly less. These findings 
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=“LABLE 6 


In vitro Tests oF ANTHIOMALINE AGAINST Wuchereria bancrofti AND Dirofilaria 
tmmitis MICROFILARIAE IN TERMS OF PERCENTAGE OF LARVAE KILLED BY EXPOSURE 
TO DIFFERENT CONCENTRATIONS OF THE DruG 


Hours Dilution of anthiomaline in Locke’s solution 
exposure Ce Ss oe 
to drug Parasite 1-1,000 1-10,000 1-100,000 | 1-1,000,000 
2% W. bancrofti 0 0 
D. immitis 0-2 0-13 0 
21 W. bancrofti 100 100 
D. immitis 80-100 56-80 1-33 0 


were confirmed in vivo, as the microfilariae of W. bancrofti disappear from 
man’s blood after smaller per kilogram doses than do the microfilariae of 
D. immitis of the dog. 


Anthiomaline Blood Levels and Excretion Rates. Although anti- 
mony has been used for many years in the treatment of tropical diseases, 
there are still relatively few data available concerning its disposal within 
the body. The development in 1943, by Goodwin and Page,® of a polaro- 
graphic method, and in 1945 by Maren,” of a colorimetric method, has 
made possible accurate investigations of the distribution and excretion of 

antimony in the body. Otto, Maren, and Brown™ studied the antimony 


TaBLe 7 


Antimony LEVELS IN MicroGRAMS PER GRAM OF CELLS AND OF PLASMA AT: 
InTERvALS (Hours) AFTER INTRAMUSCULAR INJECTION OF 0.5 MILLIGRAM OF 
Sp PER KiLoGRAM AS TRIVALENT ANTIMONY 


(After Otto, Maren, & Brown”) 
Time (hours) 


Patient 
0.25 | 0.5 1 2 3 6 12") 248 
j.w i5 | 40 | .67 | .55-+ .50 | 0.14 | 0.10-| 0.13 
teed TH. iepeese | 63 70. | 70 10.49 |0.12 |= 
I R.O. 47 | 93 | 56 |—— | .87|0.7 | 0.3 | 0.07 
cel - AW pier) Gio) 57. |e G4 ae 33.1-0.22.| 0.21 
levels B.G 45 | ‘87 11.46 | 1.20 | 87 | 0.42 | 0.32 | 0.21 
PR t4| 40 | 68 | .77 | .53 |.0.36 | 0.37 | 0.26 
Averages 26 56 78 76 68 36 19 15 
j.w 131591.) 172|. 16. |. 413. |-0,10: | 0.08 |-0 
7H. Roni ta) cio Ao-a11 0.11 
Blood R.O 09 | 09 +17 |\—— | .20 | 0.13 | 0.17 | 0.08 
plasma A.W i9 |. 93 | 14 | .14 | .12 | 0.09 | 0 0 
levels B.G Vy esteeles ot 11 08. 0543.1 0.24. |20,21 |.0 
PR 09 | 12 | .20 | 10 | .10 | 0.09 | 0.18 | 0 
Averages aL3 alla 18 a2 as agit! sik .03 


Cell/plasma ratio 2.0 3:9 4.3 6.3 a4 ae) 1.7 5.0 
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blood levels and excretion rates of a number of individuals under treatment 
for filariasis with organic trivalent and pentavalent antimony compounds. 
Anthiomaline was injected intramuscularly daily at a rate of 0.5 milligrams 
of antimony per kilogram of body weight. The distribution of antimony in 
the blood was characterized by the rapid movement of the metal to the 
cells and by the higher concentration in the blood cells than in the plasma. 
As early as 15 minutes after the initial intramuscular injection of anthio- 
maline, the antimony concentration of the cells was, on the average, twice 
that of the plasma (TABLE 7, and FicuRE 1). The cell content increased 
rapidly within the next hour, while there was only a slight increase in 
the plasma content. On the average, the plasma content fell off after an 
hour and remained constant for 1 to 2 hours at approximately the level 
found at the 15-minute determinations. No antimony was detected at 24 


So 


0.5 


CELLS 


PLASMA 


ANTIMONY MICROGRAMS 
Qi 


t 6 12 24 
TIME IN HOURS 
Figure 1. Antimony levels (in micrograms of Sb per gram) in blood cells and plasma 


during the first 24 hours after the intramuscular injection of anthiomaline in dose of 


0.5 milligrams of Sb per kilogram of body weight. Levels are based on 6 patients 
(Otto, Maren, & Brown”), 


hours in the plasma of 4 of the 6 patients. The principal variation from 
the average is seen in the higher levels after one hour in patients R.O. and 
B.G. Meanwhile, the cell concentration continued to rise or remain near 
peak levels in most patients through the 3-hour period, and, while it 
dropped rapidly thereafter, antimony was still conspicuously present at 
24 hours in five of the six cases. Thus, the antimony cell-plasma ratio 
tends to be higher later in the 24-hour period than it is immediately after 
injection. 

Otto, Maren, and Brown"! noted that antimony levels in the blood cells 
were at their highest in the 1-2 hour period after the initial administration 
of anthiomaline, and, therefore, a series of blood samples was taken from 
two patients one hour after the administration of anthiomaline throughout 
the 21-day course of treatment. The average values for the two patients 
show a gradual increase in the antimony content of the plasma from 0.17 
and 0.15 microgram of Sb per gram after the first and second dose to 0.36 
and 0.62 micrograms per gram after the fifteenth and twenty-first doses. 
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_ the other hand, no such trend was clearly shown with reference to the 
cells. 

The urinary excretion of anthiomaline has been found by Brown and 
Spremuli to follow a similar pattern in man and in dogs. When the drug 
was injected intramuscularly, from 13 to 19 per cent of the antimony was 
excreted in the first 24 hours and 24 per cent within 48 hours (FIGURE 2). 


TOTAL % OF DOSE EXCRETED 
024 6 8 10 i2 [4 16 (8 20 22 24 
r 


0 2 4 G B IO i2 14 16 18 20 22 24 26 28 50 32 34 36 38 40 42 44 46 48 50 
TIME IN HOURS 


SUBJECT | SUBJECT 2 
DOSE-: 0.46 MG.SB PER KILO DOSE:0.57 MG. SB PER KILO 
SB AS ANTHIOMALINE $B AS ANTHIOMALINE 
GIVEN INTRAMUSCULARLY CIVEN INTRAMUSCULARLY 


Ficure 2. Urinary excretion of antimony by man. 


- As would be expected, however, the urinary excretion of anthiomaline was 
somewhat more rapid after intravenous injection than after intramuscular 
injection (FIGURE 3). Maren, Otto, and Brown! found 6-15 per cent of 
the anthiomaline to be excreted in the urine in the first 24 hours. 


28 30 


TOTAL % OF DOSE EXCRETED 
© 2 4 6 B 10 12 14 16 16 20 22 4% 


02 4 6 B IO l2 (4 I6 18 20 22 24 26 28 30 32 34 56 38 40 42 44 46 48 
TIME IN HOURS 


DOG A DOG B 
0.63 MG SB PER KILO 0.65 MG.$8 PER KILO 
GIVEN INTRAMUSCULARLY GIVEN INTRAVENOUSLY 


Ficurs 3. Excretion of antimony given as anthiomaline. 


60 ANNALS NEW YORK ACADEMY OF SCIENCES 


Recently, Brady et al.12 have made use of radioactive antimony to deter- 
mine the antimony concentrations in various organs following intravenous 
injection of tartar emetic. Analysis of dogs tissues 36 hours after injection 
of 0.8 mg. antimony as tartar emetic gave the following results (TABLE 8) : 


TasBLe 8 


Micrograms of antimony per gram of tissue 


Liver 10.7 Retroperitoneal lymph node 0.35 
Thyroid 3.8 Lung 0.34 
D. immitis 1.48 Diaphragm 0.33 
Kidney cortex 0.98 Kidney medulla 0.32 
Pancreas 0.64 Thigh muscle 0.32 
Jejunum 0.54 Stomach 0.24 
Spleen 0.54 Left auricle 0.23 
Left ventricle 0.53 Right auricle 0.22 
Inguinal lymph node 0.48 Dermis 0.14 
‘Right ventricle 0.39 Blood Os 
Adrenal 0.37 Cortex of femur 0.03 
Epidermis 0.37 


Of special interest was the relatively high concentration of antimony in 
the adult D. immitis, which suggests a specific affinity of the drug for the 
tissues of the worm. The concentration of antimony in the lymph nodes 
which are closely associated with W. bancrofti of man was low—only 0.48 
micrograms per gram of tissue. Cowie et al.1* made similar studies of 
antimony concentrations following 12 injections of sodium, antimony] 
xylital. They found that the antimony in the whole blood rose from 0.02 
micrograms per cc. wet blood on the second day to 0.15 micrograms on 
the last day of treatment. The thyroid gland had the greatest concentra- 
tion of antimony, 18.72 micrograms per gram of tissue, followed by the 
liver, 13.75 micrograms; parathyroid glands 4.49; and D. immitis adults 
with 3.28. 


The Use of Anthiomaline in Human Filariasis. The use of anthio- 
maline against human filariasis began with the work of de Choisey,14 who 
treated a patient with clinical manifestations of a Loa loa infection with 
anthiomaline and reported improvement in his condition. Apparently, no 
microfilaria counts were made on the patient’s blood during or after treat- 
ment. A total of 35 cc. of anthiomaline was given intramuscularly to this 
patient over a period of 23 days. Poynton’ injected anthiomaline directly 
into enlarged lymph glands of patients harboring Wuchereria bancrofti or 
W. malayi. The attacks of fever were reported reduced in number and 
intensity in these patients. Chopra and Rao!® treated seven filariasis 
patients with anthiomaline. They gave two intramuscular injections 
weekly using up to a total of 30 cc. per patient. Only a temporary slight 
reduction in microfilariae was noted. Hawking" likewise failed to secure 
a permanent microfilaria reduction in 10 W. bancrofti infected patients 
with anthiomaline given intramuscularly. The total dosage employed by 
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him varied from 7 to 25 cc., given over a period of from 12 to 49 days. 

In spite of the failure of anthiomaline in the above trials, our experience 
with dogs suggested that, given in sufficient doses, it might be effective in 
man. Although the adult Dirofilaria lives free in the right cavity of the 
dog’s heart and Wuchereria bancrofti of man lives in the lymphatic sys- 
tem, it was considered worth while to try anthiomaline in human infections. 
Our dog studies suggested that somewhat larger total doses than had been 
tried by other workers might be needed to be effective in human infections. 
It is quite conceivable, however, that a drug which reaches sufficient con- 
centrations in dog’s blood to kill worms therein may not reach sufficiently 
high concentrations in the human lymph system to be lethal to worms 
harbored there. 

Anthiomaline has also been used with some success in the treatment of 
lymphogranuloma venereum,!* !® trypanosomiasis,”° *+ schistosomiasis,” *° 
leishmaniasis,2*: 25 and the tolerated dosage has been approximately ascer- 
tained and toxicity for man studied.* 


Metnops. All of the patients reported in our studies (Brown,”° Brown 
and Thetford”) were natives of St. Croix, Virgin Islands. They were in 
_ the hospital for some cause other than filariasis or were found to be micro- 
filaria-positive through a blood survey. The only physical evidence of 
infection in most instances was a general glandular enlargement especially 
of the inguinal and femoral lymphatic nodes. Some of the patients gave 
a past history of lymphangitis and several of them had hydroceles. None 
of the patients had what could be considered as elephantiasis. 

Physical examinations were made before treatment of the patients, some 
of whom remained in the hospital during treatment while others were 
treated in an out-patient clinic without interruption to their usual daily 
work and activity. 

All injections of lithium antimony thiomalate were given into the gluteal 
muscles, alternating sides daily unless the patient complained of soreness 
on one side and asked for repeated injections into the other side. Usually, 
a single daily injection was given on consecutive days unless prevented by 
__poor cooperation of the patient or, rarely, by toxic manifestations due to 
the drug. The adult dose of 3 cc. (180 mg. anthiomaline, 30 mg. of anti- 
mony) was routinely used, except for 2 patients who were given 3.9 Cc., 
with adjusted smaller doses for children. On the first day of treatment, 
a reduced dose was usually given to ascertain sensitivity of the patients to 
the drug. In order to keep the drug level as constant as possible with a 
single daily dose, the injections were given at regular twenty-four hour 
intervals. 

The results of the therapy were measured by microfilaria counts on 0.1 
cc. of blood after the method of Brown and Sheldon.? Since the micro- 
Glariae exhibit a nocturnal periodicity, all routine specimens of blood were 
drawn from the cubital vein between 10 and 10:30 p.m. In a number of 


* iew of the literature on anthiomaline, see “A Summary of Current Literature 
on oe tneondline.” Office of Medical Information, National Research Council, 1943. 
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instances, blood was also secured at 10 a.m. to check the effect on the 
diurnally appearing microfilariae. 

Microfilaria counts on the blood of control persons not treated were made 
and remained relatively constant during the time that the treated patients 
were under observation. 


Resutts. The results of treatment are based entirely on microfilaria 
counts. In assaying the results, it is evident that a drug used in the treat- 
ment of filariasis may kill the microfilariae in the blood stream without 
being fatal to the adult worms in the lymphatic system. In such an event, 
microfilariae would disappear temporarily from the blood stream but again 
appear in the blood after treatment is discontinued, due to reproduction 
by the adult worms. It is necessary, therefore, to examine the blood for 
months after treatment has ceased to ascertain whether or not the adult 
worms, as well as the microfilariae, are killed. One must also remember 
that the adult females may be sterilized by the drug rather than killed by it. 
Microfilaria counts have now been made on the patients treated with 
anthiomaline for as long as 24 months after the completion of treatment. 

Anthiomaline from two sources was utilized: that used in the first group 
of patients treated was of French manufacture; later the drug manufac- 


TABLE 9 


Errect OF INTRAMUSCULAR INJECTIONS OF FRENCH* ANTHIOMALINE ON 
Wuchereria bancrofti INFECTIONS 


Microfilariae in 1.0 ml. of night blood 
Treatment : 

period * Before After 12-24 months Percentage 

Age (days) treatment | treatment | after treatment reduction 

28 26 159 1 0 100.0** 
11 28 1,666 3 0) 100.0 
31 17 234 58 0 100.0 
28 26 22 5 0 100.0 
iil 18 756 18 il 99.9 
16 18 1,100 25 22 98.0 
70 iy 208 21 6F 97.1 
29 25 498 92 ig) 96.6 
17 19 2,324 14 103 95.7 
13 10 263 2355 16 93.9 
20 Pal 72 3 6 91.7 
14 26 Sis 73 yf 88.9 
16 16 236 68 3347 86.0 
23 13 86 109 19 ial 
6 17 368 — 93 74.7 

21 7 129 8 37 

19 20 12 49 6 50:0 
28 28 23 9 18 91.7 


* Manufactured by Société Parisienne d’Expansion Chimi éci 

** Negative 48 months after treatment. SIS Dee Ea 
} Four-five months after treatment. 

+7 Seven months after treatment. 
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tured by Merck and Company was used. The therapeutic results on 
patients treated with drugs from these two sources have been kept separate 
to ascertain any possible difference in their toxicity or activity. 

The effect of therapy lasting from 7 to 28 days using the French drug 
are given in TABLE 9. Sixty-one per cent of the patients exhibited a 90 
per cent or greater drop in microfilaria count, while four of the 18 persons 
became microfilaria-negative by the Knott technique. The remaining 39 
per cent of the group experienced microfilaria reductions ranging from 
88.9 to 21.7 per cent. The total drop in microfilaria count for the whole 
group was 95.1 per cent. In general, there was a marked drop in the 
microfilaria count during treatment and a slow decrease for the following 
12 to 24 months. Patient No. 5, for example, exhibited a drop in micro- 
filaria count from 1,666 per 0.1 cc. of blood down to 3 by the completion 
of 28 days treatment (FiGuRE 4). Microfilaria counts of from 3 to 12 per 


PATIENT LE. NOS YRS. 68.5185. 


MICROFILARIAE PER 1CC. BLOOD 


DAYS 


Ficure 4. Effect of intramuscular injections of anthiomaline upon the microfilaria count 
of Wuchereria bancrofti. 


“0.1 cc. were noted over the following 12 post-treatment months. In the 
24th month, the count fell to zero. The microfilaria count of patient 
No. 22 fell from 129 to 8 by the completion of treatment, but 12 and 24 
months later the count was 29 and 37, respectively. Such a result might 
be explained by the drug killing most of the microfilariae in the blood 
stream but leaving a few adults alive, which gradually resulted in the 
increase in microfilariae. It is possible that reinfection following treatment 
might also be responsible for the late gradual increase in microfilariae. 
The treatments with the American anthiomaline were designed to ascer- 
tain how many injections are necessary to achieve good therapeutic results. 
Groups of patients were therefore treated daily for 8, 15 or 22 days, with 
the results shown in TABLE 10. It will be noted that, in general, the longer 
the period of treatment, the better were the results in terms of micro- 
filaria reduction. Although there were two patients with 100 per cent 
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TaBLeE 10 


Errect or INTRAMUSCULAR INJECTIONS OF AMERICAN* ANTHIOMALINE ON 
Wuchereria bancrofti INFECTIONS 


Microfilariae in 1.0 ml. of night blood 


Treatment 


period Before After 10-18 months Percentage 

Age (days) treatment treatment after treatment reduction 
3 22 £33 53 2 96.2 
31 22 654 20 30 95.0 
32 22 177 25 15 91.5 
20 22 . 58 i — 88.0 
47 22 170 20 42 75.3 
25 22 104 he 65 375 
17 15 1,108 34 0 100.0 
20 15 9 12 0 100.0 
30 15 44 21 16 63.7 
24 15 171 88 70 59.1 

33 £5 0 1 0 

8 8 31 18 0 100.0 
70 10 62 i) ipev 87.7 
a2 8 175 163 72 58.9 
24 8 158 174 81 48.8 
22, 8 264 72 190 28.1 
49 8 217 441 159+ 27.8 


* Manufactured by Merck & Co., Rahway, N. J. 
** Two-four months after treatment. 
; Five-eight months after treatment. 


microfilaria reduction in the 15-day treatment series, one in the 8-day 
treatment series, and none in the 22-day treatment group, the latter group 
exhibited a more uniformly successful reduction in microfilaria count. The 
success attending the short series of injections suggests that, in some 
patients, the adult filariids are so located as to be more readily available 
to the drug. 

The wide variations in the results of treatment may be explained in two 
ways. In some instances, the adult worms may have stimulated extensive 
fibrosis about themselves, making access of the drug to them difficult or 
impossible. The second explanation for the failure of therapy is indicated 
by the finding of Otto, Maren, and Brown" that plasma levels of antimony 
may vary in individuals more than 100 per cent even though the dosage 
on a per kilogram of body weight is the same. The first hypothesis does 
not permit study, but with the development by Maren” of a method for 
determining antimony blood levels, that later hypothesis may be studied. 
To test the second hypothesis, two patients (Nos. 23 and 26) in whom 
microfilaria reductions of 100 and 96.6 per cent, respectively, were obtained 
by treatment, were compared to patient No. 9 whose treatment resulted in 
a questionable, if any, reduction in microfilariae. Twelve to 24 months 
after their original anthiomaline therapy, all three patients were each given 
comparable per kilogram doses of the drug (0.5 mg. antimony per kilogram 
weight) and the blood plasma and red blood cell antimony concentration 
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followed at intervals. The results are shown in FicurEs 5 and 6. Both 
the plasma and red blood cell antimony levels of patient No. 9, who was 
unsuccessfully treated, were continuously as high or higher than those of 
patients No. 23 and 26 who were successfully treated. If these antimony 
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Ficure 5. Antimony concentration in plasma in patients receiving 0.5 mg. of antimony 
as lithium Sb thiomalate per kilogram of body weight. 
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Ficurs 6. Antimony concentration in erythrocytes in patients receiving 0.5 mg. of 
antimony as lithium antimony thiomalate per kilogram of body weight. 
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blood levels are characteristic of the levels attained by the patients during 
their previous treatment, it does not appear that they could explain the 
differences in the success of the treatment. These studies suggest that the 
adult worms of patient No. 9 were inaccessible to the drug or were unusually 
resistant. 


It has been suggested, by O’Connor,”8 that the pathological changes in 
filaria-infected persons result from the host reaction to the dead adult 
worms. The results of any therapy that has as its purpose the killing of 
the adult worms and microfilariae should, therefore, be followed for a 
considerable period to ascertain the patient’s reaction to the death of both 
the adult worms (if this occurs) and the microfilariae, if their decrease in 
number is due to lethal action of the drug rather than to a normal rate of 
death which is not followed by normal reproduction by adults. If it is true 
that dead worms cause the pathological changes, then the large numbers 
of microfilariae (23,240 per cc. in patient No. 17) and adult worms should, 
in time, result in inflammatory reactions. On the other hand, tremendous 
numbers of microfilariae must die every day and be taken care of by the 
host in the average untreated case of filariasis, for if the length of life of 
a microfilaria is 60-70 days,?® then 1/60 to 1/70 must die each day and be 
replaced. Patient No. 17, mentioned above, had an estimated 100,000,000 
microfilariae in his blood stream, hence approximately 11 million would 
die each day. This continued destruction of microfilariae by the host may 
partially desensitize him to the foreign protein of the worms. 

Thirty patients treated with anthiomaline have now been followed clin- 
ically for 24-48 months, and no evidence of inflammation, lymph stasis or 
incipient elephantiasis has been detected. Our evidence, to date, indicates 
that the death of the adult worms and their millions of microfilariae off- 
spring has not produced, in the host, a reaction that is clinically 
recognizable. 


The treatment of filariasis after the patient becomes microfilaria-positive 
may be analogous to the treatment of syphilis after the patient exhibits a 
positive serology. In syphilis, it is much more satisfactory to start treatment 
earlier on the basis of a positive dark field examination. Likewise, in 
filariasis, during the year or two between infection and becoming micro- 
filaria-positive, the host reaction about the worm and growth of the worm 
may make it much more difficult to eliminate the infection. It might be 
highly advantageous, therefore, to treat a filaria infection as early as a 
diagnosis can be made. Clinical and serological diagnosis of filariasis 
sometimes may be made within 3 to 5 months after infection (i.e., one to 
two years before microfilariae appear in the blood), and it is suggested 
that a cure of these early cases may be successful inasmuch as the worm is 
immature, smaller, and presumably not as robust as the full grown adult. 
Likewise, tissue reactions about the young worm may be at a minimum 
and permit access of the drug to them in higher concentrations. A group 
of these early clinical cases that were microfilaria-negative were treated 
with anthiomaline. As they were service men during the war period, the 
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follow-up was difficult and incomplete. Data secured from this group 


suggest that anthiomaline had little, if any, effect on the clinical course of 
the disease. ' 


Toxicity of Anthiomaline to Patients. Vomitinc. The most 
frequent toxic reaction, experienced by 30 per cent of the patients, was 
vomiting accompanied by epigastric pain. Vomiting occurred only after 
repeated injections totaling from 0.780 to 1.89 grams of anthiomaline. 
Vomiting occurred most frequently 2 to 3 hours after the injection, 
although it was sometimes delayed 10 to 12 hours. In several instances, 
the vomiting ceased although treatment was continued; usually, however, 
once vomiting began, it continued as long as the full dose of the drug was 
continued. Pain in the epigastric region was complained of by the patients 
both before and after vomiting, and pain on pressure was noted in this 
area. To stop the vomiting, the dose of the drug was reduced or treatment 
omitted entirely for one day. Ashkar?? and others have likewise reported 
vomiting after a total of 1.20 g. or more had been reached. Gobert?# 
suggests a 2-hour rest after antimony treatment to reduce vomiting. In 
the series reported here, however, vomiting occurred among those patients 
who were hospitalized as well as those treated in the out-patient department. 


Locat REACTION AT THE SiTE oF InjEcTION. Gluteal reaction at the 
site of injection of anthiomaline varied greatly from patient to patient. 
The majority of them experienced no inconvenience. Occasionally, a 
_ patient would complain of soreness and ask for the next several injections 
to be given in the opposite side. One female taking her injections in the 
out-patient department stopped treatment after 7 injections, totaling 0.9 
grams of the drug, complaining of sore buttocks. Examination failed to 
reveal evidence of inflammation sufficient to warrant discontinuing treat- 
ment. Sites of former drug injections frequently could be palpated as 
firm intramuscular painless masses. There was no evidence of severe 
inflammation or abscess formation, and, in general, the reaction at the 
site of injection was of little moment. 

Grenierboley® and Moulinard*! stress the local and general tolerance 
to intramuscular injections of anthiomaline, while Chopra and Raolé 
report that anthiomaline caused severe reaction with pain and swelling 
at the site of injection. The latter were using doses of up to 5.0 CG:, which 
may explain the severe reactions. The maximum dose used in the series 
reported here was 3.5 cc. 


2 


Fever. Four patients experienced fever near the end of their series of 
treatment. One patient’s temperature rose suddenly to 103° F. after 2.61 
grams of anthiomaline and fell to normal over a period of 3 days when 
the drug was discontinued. Another patient ran a low grade fever of 99.5 
to 100.2 during the last 7 days of treatment. Sezary and Bolgert*? and 
others have likewise noted fever, usually during the last days of a series 


of injections. 
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Arturitis. Although other workers* report localized pains of arthritic 
character as the most frequent toxic reaction of anthiomaline therapy, it 
was experienced by only two of the patients in this series. After 1.71 grams 


of drug, one patient (No. 25), weighing 125 pounds, noticed pain in his | 
right shoulder area. Treatment was continued, and on the following day — 


pain was noted also in his left shoulder. As the treatment continued, the 
pain extended down the flexor surfaces of his arms to his elbows and 
became so severe that he moved his arms only with great pain. Treatment 
was suspended for a day with marked improvement of his arms and 
shoulder. The pain seemed to be localized in the joints, tendinous inser- 
tions, and even in the muscles. The areas of the joints were very sensitive 
to pressure. There was no alteration in reflexes or edema. 


Urine. Intravenous phenolsulfonphthalein tests were made on the 
patients to ascertain kidney function before treatment. Only one patient 
(No. 25) exhibited an excretion rate below the so-called normal. This 
patient’s 15-minute excretion was 8 per cent and one-hour excretion 30 
per cent. The patient tolerated the early portion of the treatment very 
well, but late in the treatment series he experienced one of the two 
arthritic disturbances encountered, and he also vomited. 

Examinations of the various patients’ urine (sugar, albumin, reaction 
casts, and blood cells) were made at intervals during treatment, and there 
was no evidence of renal damage. One patient, No. 5, had a trace of 
albumin in his urine before starting treatment. A trace of albumin was 
found in his urine on the 10th day of treatment after a total of 24.5 cc. of 
anthiomaline had been administered. His urine was free from albumin 
thereafter. Patient No. 23 showed a trace of albumin in his urine after 
37.5 cc. of anthiomaline, but another specimen examined 6 hours later 
was albumin-free. On the 20th day of treatment, after 58.5 cc. of the 
drug, he again had a trace of albumin in his urine. 


Rasues. Six of 12 patients who were especially carefully followed 
experienced transitory itching rashes after a number of injections of the 
drug. In three instances, the rash was on the lateral aspects of the fingers 
and thumbs and consisted of small raised papules 1 to 2 mm. in diameter. 
One patient had a similar rash on his face, especially his forehead, as well 
as his hands. Another patient had a punctate red rash on chest and flexor 
surfaces of his arms, and one patient had a similar rash on his chest and 
abdomen only. The rashes were not severe, and usually remained static 
or disappeared even though treatment was continued. There is some 


question as to the exact etiology of the rashes and their relation to the 
anthiomaline treatment. 


Bioop. Sezary and Bolgert*? believe that prolonged administration of 
anthiomaline seems to cause a certain degree of anemia. On the other 
hand, Ashkar*? observed no change in the blood picture “except for the 
eosinophilia that usually occurs with the other antimony compounds.” 
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Brooks* using dogs, followed the blood picture after an intravenous injec- 
tion of 4.0 cc. of anthiomaline with the following results: 

“In both dogs used for this study there was a decrease of more than 
50% in the total white blood cell count within 15 minutes after the drug 
was administered. Following this, there was a rapid rise to 17,000 in one 
dog and 19,000 in the other. This maximum degree of leukocytosis was 
reached in approximately 12 hours in both cases. Over a period of 96 
‘hours, the total counts gradually decreased again to what was considered 
normal for these individual dogs. The red blood cell counts showed a 
brief rise following the injection of anthiomaline, after which there was 
a gradual decrease up to 20 hours. By the end of 96 hours, the counts 
were again normal.” 

Launoy and Lagodsky,?? using anthiomaline in rabbits intravenously, 
concluded that 4-5 injections over 24-35 days produced only a slight 
transient anemia. 

The blood of four patients in the series reported here was examined 
before treatment and 4 weeks and 4-5 months after treatment (TABLE 11). 


Tasie 11 
Brioop Picture or ANTHIOMALINE TREATED PATIENTS BEFORE AND AFTER 
TREATMENT 
Before treatment 4. wks. after treatment | 4-5 mos. after treatment 
Hb Hb Hb 
Pt. RBC % | WBC RBC % .| WBC RBC % | WBC 


4 | 2,880,000 | 62 | 9000 | 2,900,000} 65 | 8900 3,400,000 | 70 | 6600 
5 | 3,500,000 | 76 | 7600 | 3,650,000} 70 8400 | 3,630,000 | 72 | 9200 
18 | 3,480,000 | 68 | 7300 | 3,000,000 | 68 8800 | 2,980,000 | 65 | 8400 
91 | 3,410,000 | 70 | 6800 | 2,440,000 | 60 6200 | 3,420,000 | 70 | 7000 


The red cell count of patient No. 18 was approximately 500,000 cells 
lower 4 weeks and 4 months after treatment, although her hemoglobin 

remained unchanged. Patient No 21 had a drop of approximately 
1,000,000 red cells 4 weeks after treatment but returned to pre-treatment 
level by 4 months after treatment. The variation in white blood cell 
counts were probably all within normal limits. 


Discussion. The results of treatment of Wuchereria bancrofti 
" infected persons with anthiomaline strongly suggests that the drug is lethal 
not only to the microfilariae but to the adult worms as well, and that from 
85 to 100 per cent of the worms are killed by one series of the drug. It is 
possible, of course, that the microfilariae circulating in the blood are more 
delicate than the adults and are more readily killed. Likewise, a higher 
concentration of the drug may reach the microfilariae in the blood stream 
than reaches the adults in the lymphatics. Experience indicates that a 


. 


drug may kill the microfilariae and temporarily sterilize the adult female 
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so that the production of microfilariae is inhibited for a time. It is essen- 
tial, therefore, that the patient’s blood be repeatedly examined for micro- 
filariae over a considerable period after the completion of the treatment. 
The patients treated with anthiomaline have been examined for micro- 
filariae for 24 months after the completion of treatment to determine the 
effect of the drug on the adult worms. It is considered unlikely that the 
adult worms that were injured to the extent that they did not produce 
microfilariae after 24 months are still alive. 

Treatment with lithium antimony thiomalate usually resulted in decided 
reduction in microfilaria counts after a total of 15 to 20 cc. of the drug. 
This suggests that the microfilariae may vary in susceptibility to lithium 
antimony thiomalate and that the resistant ones were killed only after a 
longer exposure to the drug. It may also mean that the adult worms differ 
in the rapidity with which they were killed owing either to individual 
variation in resistance or to their localization in the host. The initial 
sudden drop in microfilariae, then, may have been due to their elimination 
from the blood stream by the direct action of the drug. The adults, pre- 
sumably more resistant to the effects of the drug and more slowly killed, 
continued to supply the blood stream with fewer and fewer microfilariae. 

The continued persistence of microfilariae in the blood 12-24 months 
after treatment suggests that adult worms are still present, possibly pro- 
tected in a fibrosed lymph gland from lethal concentrations of the drug. 
Our present knowledge indicates that microfilariae persist in the blood 
approximately ten weeks. It is doubtful, therefore, if the continued per- 
sistence of microfilariae could have been possible for 24 months without 
the presence of the adults. 

Anthiomaline was the first drug that has been shown to reduce perma- 
nently the microfilariae counts of individuals harboring Wuchereria ban- 
crofti. Although this drug represents a great advance in the therapy of 
filariasis, it is obvious that the necessity for repeated injections attended 
by a certain amount of toxicity limits its usefulness, and it should be con- 
sidered only as a stepping-stone to the search for an oral non-toxic thera- 
peutic agent. 

The use of anthiomaline in canine filariasis, although promising, awaits 
further study to ascertain a safe effective therapeutic regime. Additional 
studies must be made on the ultimate fate of the adult worms following 
treatment. Slow death of the adult Dirofilaria immitis would be advan- 
tageous as the risk of embolism to the host would be minimized, but if the 
worms are only sterilized therapy has been a failure except for the preven- 
tion of transmission to other dogs. 


SUMMARY 
(1) Anthiomaline given intramuscularly to patients infected with 


Wuchereria bancrofti produces a rapid diminution in the number of circu- 
lating microfilariae which persists as long as two years. 
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(2) In one series of 18 patients treated for 7-28 days, 61 per cent expe- 
rienced a microfilaria reduction of 90 per cent or more, and four of the 
group became microfilaria-negative. Treatment failed to reduce signifi- 
cantly the microfilaria counts of a number of patients. 

(3) The therapeutic effectiveness of the French manufactured and 
American product (Merck) appear to be approximately equal. There 
appears to be a slight advantage of the American product in terms of 
decreased toxicity, which may be due to its more recent manufacture. 

(4) The antimony blood plasma levels and erythrocyte levels in patients 


successfully treated did not differ appreciably from those of a patient 
unsuccessfully treated. 


(5) No evidence of inflammation or incipient elephantiasis due to a 
reaction of the host to the death of microfilariae or adult worms has been 
detected in the patients over a period of two years. 

(6) The toxic manifestations, due to anthiomaline, of vomiting, joint 
pain, slight fever, and rash are not considered sufficient to preclude its 
continued trial in filariasis. 


(7) The microfilaria counts of dogs harboring Dirofilaria immitis were 
markedly reduced by anthiomaline therapy, but additional studies are 
needed to ascertain the exact fate of the adult worms in the heart. 
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TREATMENT OF FILARIASIS WITH. NEOSTIBOSAN 
AND SOME OTHER COMPOUNDS 


By James T. CuLBertson* 


Department of Bacteriology and Parasitology, School of Medicine, 
University of Arkansas, Little Rock, Arkansas} 

Although filarial infection due to Wuchereria bancrofti has long been 
recognized as a serious tropical disease, no convincing data purporting to 
show successful chemotherapy of this affliction had appeared until a 
little more than three years ago.t At about the same time in 1944, two 
papers were published which indicated that this disease might be subject 
to chemotherapeusis. One of these papers, by Brown,” came from a study 
conducted in the Virgin Islands on human filarial subjects treated with 
the trivalent antimony compound, anthiomaline. During the succeeding 
years, Dr. Brown has been able to follow his original subjects as well as 
some additional patients, with continuing favorable results.* The other’ 
paper, by Culbertson and Rose,* showed that a natural filarial infection 
(Litomosoides carinii) of cotton rats could be eliminated when either of 
two pentavalent antimony compounds (neostibosan or neostam) was 
administered intensively to these animals. 

Perhaps the most significant fact revealed by the work in the cotton 
rats was that, in this rodent infection, the drugs had their first and greatest 
activity on the adult phase of the infecting parasite and showed very little 
action against the embryonic stage (microfilaria) which occurred in the 
peripheral blood. For example, when animals were autopsied after a few 
days of treatment, all the adult parasites were frequently found dead in 
the pleural space—their natural habitat—and enveloped, more or less as 
foreign bodies, in fibrinous exudate. Surprisingly enough, at that time, 
the number of circulating microfilariae was essentially the same as before 
treatment had been initiated. If, however, the animals were allowed to 
live on after treatment, the number of circulating embryos gradually 
diminished until, in a few weeks or months, none whatever could be found. 
“It finally became clear that the embryos disappeared from the blood not 
because of direct antagonistic effects of the drugs on the embryos, but 
because the drugs killed the parent worms. Since no additional embryos 
were produced once the adult worms were dead, the blood of treated rats 
finally became negative when those embryos which were present at the 

“time of treatment were disposed of by whatever antagonistic forces the 
rat could bring against them. With these facts in mind and with the 
thought that the same drugs which were active in the rat might also be 
active against the adult base of the human filaria, a fairly comprehensive 


* Present address: Division of Research Grants and Fellowships, National Institute of 


Health, Bethesda, Maryland. b : : 
+ The work reported in this paper was performed in collaboration with Dr. Harry M. Rose, 


Department of Medicine, College of Physicians and Surgeons, Columbia University, New York, 
N. Y., and Dr. José Oliver-Gonzalez, Department of Medical Zoology, School of Tropical 


Medicine, San Juan, Puerto Rico. 
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experimental study of the chemotherapy of human filariasis was 
inaugurated in Puerto Rico, with the generous cooperation of the Staff 
of the School of Tropical Medicine in San Juan.* 


MATERIALS AND METHODS 


The Patients. Altogether, 129 subjects infected with Wuchereria 
bancrofti were included in this study. All were native Puerto Ricans 
(except 1, from Martinique) whose nocturnal blood harbored micro- 
filariae. The patients were in good general health, only 3 showing symp- 
toms of filarial infection (2 with swollen legs, 1 with chyluria). Many of 
the patients (those below 18 years of age) were students in children’s 
homes near San Juan who had been discovered to harbor the infection 
through a survey of all inmates of these institutions. Most other patients 
were adult males who had first learned of their infection when rejected 
for service by the military because of the presence of microfilariae in 
their night blood. Fifteen of the patients were kept untreated as controls 
of the infection and of the effects of treatment. 


The Drugs. The following drugs were employed in the study: four 
pentavalent antimonials (neostibosan, neostam, urea stibamine, and 
stibanose) ; three trivalent antimonials (fuadin, anthiomaline, and tartar 
emetic), and one arsenical (melarsen oxide). All of these preparations 
were given intravenously except stibanose, fuadin, and anthiomaline, 
which were administered intramuscularly. Melarsen oxide was given 
orally to a few patients and intravenously to others. 

Most of these drugs had been tried with some success by Dr. Rose and 
myself in the cotton rat filariasis before we went to Puerto Rico. Others 
had been recommended to our use by Dr. L. R. Farquhar, of the National 
Research Council, from trials in the cotton rat infection reported to her 
by Drs. R. N. Bieter (University of Minnesota), G. F. Otto (Johns 
Hopkins University), H. J. Robinson (Merck and Company), and A. D. 
Welch (Western Reserve University). 


Estimation of Level of Infection. The level of infection in patients 
was estimated before treatment, at the end of treatment, and at intervals 
after treatment ceased, by counting all the microfilariae in 60 cmm. of 
nocturnal blood, this blood always being drawn at precisely the same hour 
for every observation in a given patient. Dehemoglobinized blood films 
were fixed in alcohol ether, stained with Ehrlich’s hematoxylin, and 
destained in acid alcohol. Parasites were counted under X100 magnifica- 
tion of the microscope. From selected patients, including most of those 
whose blood was negative by the 60 cmm. samples, 10 cc. of blood were 


* Part of the work in Puerto Rico was supported by a grant from the Winthr i 
Company, New York. It is a pleasure to acknowledge the advice and interest pei ee 
B. Rice, Director of Medical Research of that organization. Later, the work was supported 
by a contract, recommended by the Committee on Medical Research, between the Office of 
Scientific Research and Development and the College of Physicians and Surgeons, Columbia 
University. During this latter period, Dr. Lucille R. Farquhar of the National Research 
Council, Washington, D. C., gave invaluable assistance to the project. 
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obtained, these being taken at or soon after 10:00 pm. The large 
samples of blood were treated with 2 per cent saponin in physiological 
salt solution and centrifuged, and the sediment which remained was 
washed several times in salt solution. Finally, the total residue was 
examined under X100 magnification of the microscope. 


PROCEDURE AND RESULTS WITH SPECIFIC DRUGS 


Of the 114 patients treated, 35 were given neostibosan, 11 neostam, 
6 urea stibamine, 5 stibanose, 15 fuadin, 20 anthiomaline, 4 tartar emetic, 
and 18 melarsen oxide. The results obtained with these different drugs 
follow. We shall present in considerable detail the results obtained by 
administering neostibosan, since the group given this drug was the largest 
of all and showed the most promising results. A number of preliminary 
reports have already appeared from this work.® Mut 


Neostisosan (Winthrop Chemical Company). The subjects given 
neostibosan can conveniently be divided into 3 groups: a first group of 
20 who received comparatively mild treatment over a prolonged period 
(generally 34 to 54 days), a second group of 5 given intensive therapy 
for a shorter interval (two weeks), and a third group of 10 who were 
given both the light course and, 9 months later, the intensive course of 
therapy. These patients have been observed during the months since 
treatment ceased, the period of observation being as long as 3 years for 
some and at least 26 months in all others (see TABLES 1, 2, and 3. 


Neostisosan (Winthrop Chemical Company). The subjects given 
neostibosan can conveniently be divided into 3 groups: a first group of 
20 who received comparatively mild treatment over a prolonged period 
(generally 34 to 54 days), a second group of 5 given intensive therapy 
for a shorter interval (two weeks), and a third group of 10 who were 
given both the light course and, 9 months later, the intensive course of 
therapy. These patients have been observed during the months since 
treatment ceased, the period of observation being as long as 3 years for 

“some and at least 26 months in all others (see TABLES 1a2vand 3). 

The tables of data on these subjects show that, of the 20 patients in 
the first group, 14 became negative for microfilariae and have remained 
so for periods up to three full years. Of the 6 others in this group, 3 when 

last seen had sharply reduced numbers of microfilariae in their circulating 
~ blood compared with the number present before treatment began. The 
3 remaining persons all had become negative for parasites during part 
of the period of observation, but at the last examination 2 of them had 
shown enough parasites to indicate either reinfection or else relapse of 
the old infection. 

Of the 5 patients given the short intensive course of therapy, 3 lost all 
microfilariae during the 27 months they have been followed, and the 
9 others lost 95 per cent of their parasites. Of the third group of 10 
patients, 9 lost all microfilariae within 26 months after the second course 
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Data on TEN Patients witH Finariasis (Wuchereria bancrofti) 


Given Two Coursts or NEOSTIBOSAN 


First course of therapy 


No. of microfilariae in 60 
cmm. blood at designated 


times 
Case No. | Age | Sex | Weight] Drug | Days of 
lb given | treat- Atiend Month after 
t end of treat- 
8. ment | Before of cake 
treat- | treat- 
ment ment 6.0 9.0 
21 MN T2 F 74 6.5 40 27 54 13 13 
22 ME 16 F 102 6.9 40 136 126 49 65 
23 HRR 11 M 56 aES 34 18 9 15 16 
24 DR 13 M 76 8.1 40 a2 120 39 67 
25 CF 8 F 52 6.4 33 123 93 109 65 
26 CD 16 F ES Tele |) 40 120 126 42 ol 
27 FG 13 M 71 8.1 40 630 624 217 | 284 
28 JR 16 F 85 6.0 33 154 129 81 69 
29 BM 14 F 91 7 40 78 87 56 75 
30 IO 14 F 138 dee 40 129 156 87 71 
Second course of therapy 
Microfilaria 
No. of microfilariae in 60 cmm. level, per 
blood at designated times i of 
ver 
Case No. Drug | Days of oa a i ae 
(cont’d.) iven | treat- Atend | Months after end P 
j 3 g. ment | Before| of of second course of poe 
second | second pos 
course | course | 8 14 26 
21 MN UES, 10 13 1 0 0 1 —100 
RAGS 12.5 14 65 Al 0 0 0 —100 
23 HRR Se) 9 16 1 0 0 0 —100 
24 DR laa: 15 67 9) 0 0 0 —100 
25 CF 9.0 11 65 0 1 0 0 —100 
26 CD 12.0 14 31 21 2 0 0 —100 
27 FG slate ils, 284 60 15 0 — —100 
28 JR 10.0 14 69 39 25 2 0 —100 
29 BM 125 14 75 40 18 8 0) —100 
30 IO 12.0 14 71 57 4 1 — —96 
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of drug, and the remaining individual (who could be followed for only 
14 months) lost 95 per cent of his original number of parasites. 

Taken altogether, of the 35 neostibosan-treated patients, 27 were entirely 
negative for microfilariae when last seen and all but 2 of the remaining 
persons showed a marked drop in the number of circulating parasites. It 
should be pointed out that the drug was generally well tolerated by 
patients, although some individuals showed nausea, vomiting, epigastric 
pain, fever, headache, or salivation at some time during the course of | 
treatment. a ia 


NeostaM (Burroughs Wellcome and Company). Eleven patients were 
intensively treated with neostam over a period of 2 weeks. ‘Twenty-five 
months after the end of treatment, 5 of the eleven patients had lost all 
microfilariae and 4 others had lost 75 per cent or more of the microfilariae 
originally present (see TABLE 4). 


Urea Strpamine (E. R. Squibb and Sons; Brahmachari, India). Six 
patients were intensively treated with urea stibamine for approximately 
two weeks. The group was observed for periods up to 28 months after . 
treatment ceased. When last seen, all 6 individuals in this group were 
free of microfilariae (see TABLE 5). 


StrBANosE (Winthrop Chemical Company). Five patients were treated 
with stibanose. When last seen, after periods up to 24 months, one indi- 
vidual was negative for microfilariae and two others had lost over half 
their circulating embryos. Of the remaining two patients, one had lost 
only 4 per cent of his parasites and the other had 114 per cent more 
parasites than before treatment (see TABLE 6). 


Fuapvin (Winthrop Chemical Company). Fifteen subjects were treated 
with fuadin. Of these, 5 were negative for microfilariae 26 months later, 
and 5 others had lost over 90 per cent of their circulating embryos (see 
TABLE 7). Bae sai 


ANTHIOMALINE (Merck and Company). Twenty patients were inten- 
sively treated with anthiomaline. Six were negative for circulating 
parasites wien seen 26 months later, and 7 others had lost over 90 per 
cent of their embryos (see TABLES 8 and 9). 


Tartar Emetic (Abbott Laboratories). Only four subjects were given 
tartar emetic. After 25 months, one had lost all filarial parasites, and 

9 others had lost over 90 per cent of the microfilariae originally present 
~ (see TABLE 10). 


MetarsEN Oxie (Parke, Davis and Company). Eighteen patients 
were treated with melarsen oxide, 3 of these receiving the drug by mouth 
and 15 being injected intravenously with a solution of drug in propylene 
glycol. After 26 months, 8 of the group were negative for circulating 
embryos, and one other had lost over 90 per cent of his parasites 
(see TABLE 11). 
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Observations in Control Subjects. All of the 15 control subjects 
remained in good health, so far as their filarial infections were concerned, | 
during the entire period of observation which, for some, was as long as | 
38 months. It was of considerable interest that at no time during this | 
period did any of the control subjects have a negative nocturnal blood © 
sample. At the end of the full period of observation, 3 of the control | 
patients showed fewer microfilariae in their circulating blood than at the | 
beginning, but, when last seen, 12 of the 15 controls had more embryos | 
than when observations began (see TABLE 12). | 

The rise in parasite numbers seen in most of the control subjects can | 
probably be explained through the comparative youth of most of these 
individuals (8 to 17 years of age). The infections in these persons, as in | 
many of the treated subjects, may have been newly acquired. The 
gradually rising embryo counts may, then, reflect a gradual accumulation 
of embryos in the blood of these patients. 


Effect in Adult Worms. In most patients, no effects were seen which | 
could be interpreted as a deleterious action by drug upon the adult 
filarial worms. In a few adult male patients, however, one or two tender | 
nodules, ranging up to 1 cm. in diameter, appeared in the scrotal sac 
late in the course of therapy or during the first 10 days after treatment . 
ceased. One nodule was surgically removed by Dr. J. S. Colon, Urologist 
of University Hospital in San Juan, and sections of this nodule were 
prepared and studied by Dr. Enrique Koppisch, Pathologist of the School 
of Tropical Medicine. The sections revealed a filarial worm surrounded 
by an extensive inflammatory area suggestive of an Arthus reaction. 
From the condition of its ovarian nuclei, the worm was considered to be 
recently dead. 

Naturally, the appearance of these nodules in the scrotal sac was of the 
greatest concern not only to the treated patients but to ourselves. In the 
cases of other patients besides the one already referred to from whom a 
nodule was excised, the reaction subsided in 2 weeks or so, the nodules 
gradually regressing in size thereafter to become tiny hard granules which 
usually persisted for several months. The reactions were seen in patients 
given either trivalent or pentavalent antimony, as well as in patients given 
the arsenical. It is not believed that any of the patients suffered significant 
or permanent impairment as the result of the formation of these nodules 
which we have assumed to represent parent worms killed by the 
administered drug. 


Blood Levels of Antimony. It was of interest to know to what extent 
antimony accumulated in the blood of patients and how, if at all, this was 
related to the disappearance of microfilariae. Detailed studies along these 
lines were carried out and have been presented elsewhere. For present 
purposes, suffice it to say that substantially higher plasma levels were 
attained with pentavalent antimony preparations (up to 1.0 mg. % with 
neostibosan) than with trivalent antimonials. Unfortunately, however, 
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it was difficult to draw any conclusion at all as to a possible correlation 
between high antimony levels and the disappearance of microfilariae from 
blood. Indeed, many patients treated with antimonials which attained 
only trace levels in the plasma lost most of their microfilariae (in some 
cases all of them) during the course of therapy.® 


_ Discussion. It will be helpful, for evaluating the data on all patients, 
to indicate the number of individuals treated with each drug who were 
apparently freed of filarial infection. The information is given in 
TABLE 13. 


TaBLe 13 
Number of Number of patients Months of 
Drug patients treated freed of infection observation 
Neostibosan 35 27 26-36 
Neostam iii 5 20 
Urea stibamine 6 6 28 
Stibanose 5 1 24 
Anthiomaline 20 6 26 
Fuadin 15 6 26 
Tartar emetic 4 1 25 
Melarsen oxide 18 8 26 


It appears from these data that, following the intensive application of 
any of several compounds of antimony or arsenic, filarial infection due to 
Wuchereria bancrofti can be eradicated from human subjects. None of 
the drugs used in the present study has proved to be an ideal preparation 
for use in man, for, with all of them, intensive administration by syringe 
over a considerable period of time was necessary in order completely to 
eradicate the infection. Furthermore, as has been indicated in earlier 
reports on this work,® severe if not dangerous reactions were frequently 
seen during treatment with any of these compounds. In fact, it is probably 
true that the hazard from the existing filarial infection was less in most 
subjects than that from toxic effects from the administered drugs. Prac- 
tical therapy of filariasis, therefore, must await the discovery of a filaricidal 
drug which is safer to use than are those here employed and which 
exercises its effect in shorter time. It would be helpful, too, if this com- 
pound could be given orally. 


CONCLUSION 


Wuchereria bancrofti can be eradicated from many patients by the 
intensive administration of any of several compounds of antimony or 
arsenic. Of the compounds thus far tried, the pentavalent antimonial, 
neostibosan, has shown promise in the treatment of this disease because it is 
well tolerated by patients and has a marked destructive effect on the 


parasites. 
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_ EXPERIMENTAL THERAPY OF ONCHOCERCIASIS 
WITH TRIVALENT ANTIMONIALS* 


By F. C. Bartrer, T. A. Burcu, D. B. Cowr, L. L. ASHBURN, 
AND F. J. Brapy 


Division of Tropical Diseases and Pathology Laboratory, National Institute of 
Health, Bethesda, Maryland, and Carnegie Institution of Washington, 
Washington, D. C 


Until the last few years, the chemotherapy of human filarial infections 
has been notoriously unsuccessful in spite of the fact that Dirofilaria 
immitis infections of the dog have been known to be amenable to treatment 
with trivalent antimonials since the work of Itagaki and Makino! in 1927. 
However, Brown,” in 1944, using lithium antimony thiomalate (Anthio- 
maline), and Culbertson, Rose, and Oliver-Gonzalez,? in 1945, using 
pentavalent antimonials, reported the reduction or disappearance of 
microfilariae of Wuchereria bancrofti following treatment with these 
compounds. 

Experimental chemotherapy of persons infected with Wuchereria 
‘bancrofti allows the quantitation of microfilariae in the blood but has the 
disadvantage that the effects of therapy upon adult parasites can be 
learned only by inference. In infections with Onchocerca volvulus, the 
contrary is true in that no technique has been devised that permits of 
more than a crude estimation of the numbers of microfilariae; however, 
the adult parasites may be recovered and examined to determine the 
effects of the drug. 

With the filariae available for laboratory research, evidence indicates 
that antimonials have a differential activity upon microfilariae and adults 
dependent upon the species of parasite. In the case of Dirofilaria infec- 
tions, the effect upon microfilariae is readily demonstrated. Furthermore, 
Ashburn et al.4 have added a further criterion of therapeutic effect by 
showing that changes take place in the reproductive system of adult female 
worms from effectively treated animals, changes that are evident only on 
microscopic examination of multiple levels of the adult filaria. 

-~ Failure of chemotherapeutic agents in onchocerciasis has been attributed 
to failure of the drug to reach the parasites in adequate concentrations 
because of their location in connective tissues. In the case of antimonials, 
two methods of investigation of this hypothesis were available to us, 
namely, histological examination of adult worms and measurement of 
antimony uptake by adult worms after treatment with radioactive 


antimony. : 


* This work was done as a collaborative project of ‘the National Institute of Health, the 
Pan American Sanitary Bureau, and the Carnegie Institution of Washington. 
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EXPERIMENTAL PROCEDURE 


Facilities for experimental chemotherapy of volunteers with onchocer- 
ciasis were provided for us through the courtesy of the Direccién General 
de Sanidad Publica de Guatemala. Twenty-five volunteers were brought 
from the endemic zone into Guatemala City.* Pre-treatment examina- 


TABLE 1 
Dosaces Usep To TREAT PATIENTS WITH ONCHOCERCIASIS 


Mg. anti- Duration of Total Sb 
Patient No. No. doses mony/kg. treatment, mg./kg. 
body wt./day days 
Stibophen 
ile a2 0.46 17 5.5 
2 2D 0.46 24 11.4 
3. 25 0.46 24 11.4 
4. 258) 0.46 24 11.4 
Ge 25 0.46 24 11.4 
6. 25 0.46 24 11.4 
Ue 25 0.46 24 11.4 
8. 12 0.91 is 10.9 
9. 12 0.91 13 10.9 
10. 12 0.91 15 10.9 
ie 12 0.91 17 10.9 
12" 16 0.91 18 14.6 
13 16 0.91 18 14.6 
14 16 0.91 18 14.6 
Tartar emetic 
15 21 0.46 22 9.6 
16 22e 0.46 22 10.0 
2 0.46 1 0.9 
17 8* 0.46 8 226 
16 0.46 15 7.4 
18 24 0.46 25 10.9 
19 24 0.46 23 10.9 
20 | 8* 0.46 8 3.6 
16 0.46 18 7.3 
21 24 0.46 23 10.9 
22 24 0.46 23 10.9 
Zo, 4 0.91 5 3.6 
24, 5 0.91 8 4.5 
25. 12 0.91 #5 10.0 


tions were made with particular attention to visual acuity and the pres- 
ence of nodules presumed to contain adult Onchocerca. Skin biopsies 
were made by the method of Nettel® which consists of the microscopic 
examination of skin snips in saline for the presence of microfilariae. 
Except in one instance, not less than four such skin samples were ex- 
amined and the numbers of microfilariae recorded. At the end of the 
treatment interval and for a period of five to seven months thereafter, 


* We wish to express our thanks to Drs. Bertha Noble and Joseph Spoto and to Mr. Daniel 


Jobbins who helped in selecting patients and in making the pre- and post-treatment 
examinations. 
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skin biopsies were made and visual acuity checked at one- or two-month 
intervals. Nodules were removed between one and five days after the 
completion of therapy, a part was dissected for the presence of adult 
worms, and the remainder was fixed in formalin for histological 
examination. 

Patients were treated with stibophen (Fuadin, Winthrop) and tartar 
emetic. The first series of 15 patients was treated intravenously with doses 
of 0.46 mg. of antimony per kilogram of body weight. A single dose was 
given daily for five days, two doses were given on the sixth day, and no 
drug was given on the seventh day. A total of 24 or 25 such injections 
was given. Because no severe reactions occurred with the doubled dose 
on the sixth day of therapy, a second series of 10 patients was treated with 
doses of 0.91 mg. of antimony per kilogram of body weight given six days 
per week for a total dose similar to that of the first series (TABLE 1). 

No severe reactions were observed even with the larger doses. There 
were instances, particularly with tartar emetic, of cough, chest pain, joint 
pain, antecubital phlebitis, and headache. Two patients had a transitory 
swelling of the eyelids, and one, of the ears. 

Three volunteers were given radioactive antimony.* However, the 
quantitative determinations in only one case are pertinent to this paper. 
This volunteer was given 22 doses of tartar emetic prepared from radio- 
active antimony. 


RESULTS 


After treatment, a total of 33 nodules was removed and examined for 
the presence of live or dead adult worms. From 9 patients treated with 
stibophen, 10 nodules contained live adult Onchocerca, 4 contained 
immotile adults, and the examination of one was unsatisfactory. From 
11 patients treated with tartar emetic, 8 nodules contained live adult 
worms, 9 contained immotile adults, and the examination of one was 
unsatisfactory (TABLE 2). 

The visual acuity of 19 patients was checked during the follow-up 
interval by means of the Snellen chart. Judged by this test, the vision 
of 12 eyes had improved, 9 had regressed, and in the remainder was 
unchanged. One patient (No. 2) had had one eye enucleated by Dr. 
Noble before treatment and could distinguish only lightness and darkness 

‘with the other at that time. At the 7-month post-treatment check, this 
-patient could get around without the use of a guide or cane because of 
improvement in the remaining eye. ; , 

Tape 3 indicates the results of examinations of skin snips for micro- 

filariae made before, during, and after treatment. All were positive 
“before treatment because that was a criterion of selection. Although 
negative examinations were noted during and after treatment, no trend 


ad i as prepared by bombardment in the cyclotron of the Carnegie Institution 
of eee ion, terior, vad synthesized into tartar emetic. Quantitative determinations 
were made as described by Brady et al.6 We wish to express our thanks to Dr. Arthur T. 
Ness for the chemical preparations. 
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TABLE 2 


Tuer Resutts or Gross EXAMINATION FOR MotTILity oF ADULT Onchocerca ONE 
To Five Days AFTER TREATMENT (THE Minus Sicn InpicATES IMMoOTILITY) 


Nodules 
Patient No. 1 2 3 
Stibophen 
1 ~ + 
ee 
4 a -F - 
7 ? 
8 Se 
9 - id 
12 
ee + as 
Tartar emetic 
ee + _— 
16. + = 
17. ay 
18. = as 
19. = 
20. ant 
2 t 
22s + or =e 
23. + 
24. a5 
73a) + = 


could be discerned, the number negative at 6 and 7 months post-treatment 
checks being similar to the number negative at the mid-treatment check. 

In the case of patient No. 16 who was given radioactive tartar emetic, 
two nodules were extirpated 28 days after the beginning of therapy and 
6 days after the last injection of radioactive material. In addition, a 
wedge of apparently normal subcutaneous tissue with a small amount of 
skin was removed. Adult Onchocerca were dissected out of one nodule. 
These samples were dried and examined for their content of antimony. 
The following results were obtained: 

Adult filariae: 12.0 micrograms of antimony per gram of dry weight. 

Nodule containing filariae: 4.4 micrograms of antimony per gram of 
dry weight. 

Subcutaneous tissue: 0.8 micrograms of Sb per gram of dry weight. 

To determine whether or not treatment with antimony had had any 
effect on the adult Onchocerca, nodules containing the worms were 
excised, fixed in 10 per cent formalin, and after paraffin embedding, 
sectioning, and azure eosinate staining, were examined microscopically 
for evidence of degenerative changes. Twenty-two nodules from 16 
treated patients were studied. Nodules were removed from 1 to 5 days 
following completion of treatment. In order to have a basis for deter- 
mining the significance of any degenerative changes found, a series of 
19 “control” nodules was obtained from untreated patients and similarly 


4 BARTTER ET AL.: TRIVALENT ANTIMONIALS 93 


TABLE 3 


EXAMINATIONS OF Skin Biopsies FoR MICROFILARIAE;—DeENoTES No 
MIcROFILARIAE FounpD IN AT LEAsT 4 SKIN BIOPSIES 


Biopsy 
a Pe. Mid- Post-treatment 
treat- treat- 
ment ment 1mo.| 3mos.| 4 mos.| i mos.| 6 mos.| 7 mos. 
Stibophen 
1. — 15 a3 z5 as 
thea el ae ae 
4, a — |} +h+)+)+ + 
5 +E + +] +f 4+) 4 + 
7. + - +/+ ]—-|+4 + 
8. - 4 
10 i a + + 
11. + a a8 
12. +: + == a 
i. - = sis 
se aed eet ata am ies eee a a 
15. a5 = Zetia ee ees et 
16. a é sel aes aed) ge as 
17. + IF + amet hfe ve 
18. “ohh lela pee ah ee sa PB Oh ae 
19. + — 13 rower Det ees es 
20. + “ - *F + as ts 
24. a = leagues 
22 as aR + re 
23. + oF se 
24. + a Ss 
25. + zt Ze 


examined. A previously reported study of Dirofilaria immitis* served to 
direct particular attention to the genital tract of the female Onchocerca. 
_-In view of the fact that both the control and treated series are small 
and since the results of the microscopic examination do not permit a 
definite conclusion as to the effect of treatment on the adult worms, 
details of the histopathologic findings in each case will not be given. Only 
‘general statements and comparison of the findings in the two groups will 
_be made. 

Degenerative changes involving the contents of the uteri of the adult 
worms with or without marked suppression of microfilaria production 
were seen in both the treated and untreated series. The changes observed 
were qualitatively similar. For purposes of comparison, the female worms 
of each nodule were classified into one of three groups, as follows: 


Group 1. The worms placed in this category showed developmental 
forms in the proper uterine level and morphologically differentiated micro- 
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filariae in the anterior portion of the uteri. Some worms showed slight | 


variation from normal in the tinctorial quality of the cytoplasm of the 
cells of the developing and differentiated microfilariae. Since the signifi- 
cance of this minor change was not clear, these worms were considered 
essentially normal and placed in this group. 


~ Group 2. The majority of the worms in this group showed both de- 
velopmental stages and differentiated microfilariae. However, in all of 
them, there was karyorrhectic or frank necrosis involving some of the 
developmental stages in various uterine levels. Rarely, the entire con- 
tents of the uterus of one level were necrotic. In a very few worms 
placed in this group, there were no microfilariae. 


Group 3. In this group were placed those worms which showed com- 
plete suppression of microfilarial production and absence of developing 
stages. The uteri of the worms of this. group, at most, contained a few 
undeveloped and often degenerating ova. One worm was dead and 
partly calcified and two others showed completely empty uteri. 


The ovaries were seen in only a few worms. No clear-cut changes were 


evident. 

Using the criteria outlined above, for separating the nodules into three 
groups, a comparison of the findings in the treated and untreated patients 
is made in TABLE 4. It is evident, as mentioned earlier, that Onchocerca 


TABLE 4 


Comparison oF HisTopATHOLOGIC FINDINGS IN FEMALE Onchocerca IN 
UNTREATED PATIENTS AND PATIENTS TREATED WITH ANTIMONY 


Group* Number of nodules Number of nodules 
(See text for details) | from untreated patients from treated patients 
1 13 8 
2 2 7 
3 4 7 


* Group 1—Essentially normal worms; 
Group 2—Reduced reproductive function with definite degenerative changes; 
Group 8—Absence of reproduction. 


from untreated patients may show definite, sometimes marked, degener- 
ative changes and suppression of microfilaria production. This makes 
interpretation of the results of the study most difficult and necessitates the 
comparison only on an incidence basis. This comparison indicates that 
treatment in some cases had a deleterious effect on the reproductive func- 
tion of the adult filariae. This statement is based on the fact that, when 
compared to the “controls,” the number of normal worms (group 1) in 
the treated patients, was reduced and that in groups 2 and 3 was increased. 
The cautious wording of the results shown is dictated by the small series 
of cases and the fact that degenerative changes or suppression of micro- 


filaria production occurred in about 1/3 of the worms from untreated 
patients. 
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DISCUSSION 


_ The treatment of onchocerciasis with trivalent antimonals has been 
reported by several investigators,”® but no evidence of benefit was found. 
_ In an unpublished study, two of the present authors (F. C. Bartter and 
F. J. Brady), with Dr. Luis Figueroa Ortiz, treated in 1944 a total of 16 
cases with three trivalent antimony compounds: Stibophen,* p-pheneti- 
dine antimony tartrate, and sodium antimony] xylitol. These patients 
each received a total of 3.5 mg. of antimony per kilogram of body weight 
over an interval of 15 days. Objectively, there was no improvement after 
treatment because skin and nodule biopsies showed motile microfilariae 
and adults, respectively, after treatment, and there was no significant 
change in complement fixation titers when performed by the method 
recorded by Bozicevich et al.!° Subjectively, 6 patients claimed that their 
Onchocerca nodules had diminished in size with treatment and one patient 
who was able only to distinguish lightness from darkness before treatment 
could count fingers after treatment. 

The evidence presented in the study reported here does not indicate any 
effect of stibophen or tartar emetic on the microfilariae. It was felt that 
the six to seven months’ observation period should be adequate to detect 
any lethal effect on the microfilariae, particularly in view of the rapid 
disappearance of microfilariae of other species of filarids in the dog and 
man following therapy with trivalent compounds. 

The results of studies of the adult parasites after treatment are en- 

‘couraging. There are available data which permit a comparison of the 
antimony content of the worms dissected from a nodule of patient No. 16 
and those of a dog successfully treated for Dirofilarta immitis1 This dog 
was given a total of 9.6 mg. of antimony per kilogram over an interval 
of 14 days. The live parasites had an antimony content of 11.0 micro- 
grams and the subcutaneous tissue contained 0.4 micrograms per gram 
of dry weight 36 hours after the last injection. This dog was free of 
circulating microfilariae after the ninth injection. In the volunteer with 
onchocerciasis, a total of 10.0 mg. of radioactive antimony was given per 
kilogram and the amount in the adult worms and subcutaneous tissues 
‘was very similar to that in the case of the dog. Not only is a specific uptake 
of antimony by adult Onchocerca indicated, but the antimony must reach 
the adult worms within the connective tissue in quantities that are within 

the effective range. There is, however, no indication of the chemical 
state of the antimony. 

' The adult parasites may be morphologically altered by the treatment, 
though the present work does not unequivocally indicate such changes. 
The period following treatment until extirpation of the nodules, 1 to 3 
days, was too short for a suitable evaluation of such changes. Degenerative 
changes sometimes are present in female Onchocerca from untreated indi- 
viduals and a series larger than ours would be needed to show significant 


differences. 
i ah ee 
* Provided through the courtesy of Winthrop Chemical Co., Inc., New York, N. Y. 
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SUMMARY 


Twenty-five patients with onchocerciasis were treated with stibophen and 
tartar emetic in doses of 0.46 and 0.91 mg. of antimony per kilogram of 


body weight, the majority receiving a total of 11 mg. per kilogram. 


Examination of post-treatment skin and nodule biopsies did not reveal 
any significant decrease in the numbers of microfilariae or in the motility 


of adult parasites. ; 
The use of tartar emetic prepared from radioactive antimony in one 


case permitted a measurement of the antimony uptake by the adult para- 
sites present in one nodule. The uptake was similar to that of adult 
Dirofilaria immitis recovered from a dog successfully treated for filariasis. 

There was some evidence that adult Onchocerca females were injured 
by the therapy, but the data do not permit definite conclusions. 
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TOLERANCE OF ANTIMONY AND ARSENIC 
BY INTENSIVELY TREATED PATIENTS* 


By Harry M. Ross + 


Departments of Medicine and Bacteriology, College of Physicians and Surgeons, 
Columbia University, New York, N. Y. 

Among the most important properties of antimony are the toxic reactions 
it produces. The deleterious effects of this element have been well recog- 
nized since the ancients employed it both as a medicine and as a cosmetic, 
and today our attention continues to be drawn to the toxic reactions of 
greater or less severity induced by the parenteral administration of organic 
compounds of antimony which are widely employed for the treatment of 
human infections caused by protozoan and helminthic parasites. The 
untoward symptoms which are produced during the therapeutic use of 
antimony compounds are well known. In the main, they consist of 
nausea, vomiting and, occasionally, diarrhea, all of which commonly 
appear shortly after injection, particularly if the drugs are given by the 
intravenous route. Malaise, headache, anorexia, and fever are not unusual. 
Severe bouts of coughing may be seen after intravenous administration. 
Pains in the joints and muscles are common complications, and joint in- 
volvement simulating acute arthritis appears from time to time. Salivation 
is not infrequently seen. In some cases, following prolonged administra- 
tion, skin eruptions accompanied by desquamation and a good deal of 
itching occur. The effect of antimony on the cardiovascular system may 
result in marked slowing of the pulse, a fall in blood pressure, and in some 
cases may produce an acute shock-like syndrome necessitating immediate 
supportive therapy. Damage to the liver and especially to the kidneys 
with resulting hepatic and renal insufficiency have been observed. Toxic 
suppression of the activity of bone marrow occurs very rarely. 

Because of their side effects which may be severe and even fatal, the 
administration of organic compounds of antimony is ordinarily conducted 
with due caution and respect. In spite of the inherent dangers attending 
their use, a great mass of evidence now attests their value in the therapeusis 
of a number of parasitic diseases.’ It is of interest to us, however, and 
germane to the present discussion that in most of the protozoan and 
helminthic diseases in which antimony compounds are employed for 
treatment, the drugs are usually administered in relatively moderate 
dosage, chiefly because of their well-known tendency to excite side reactions 
which are either troublesome or sufficiently severe as to necessitate their 
discontinuance. 


a 
* The work described in this paper was done in part under a grant from the Winthrop 
Chemical Company and in part under a contract, recommended by the Committee on Medical 
Research, between the Office of Scientific Research and Development and the College of 
Physicians and Surgeons, Columbia University. ae 
wie CP iatoration with James T. Culbertson, University of Arkansas, School of Medicine, 
Little Rock, Arkansas, and José Oliver-Gonzalez, Federico Hernandez Morales, and Caroline 
Kreiss Pratt, School of Tropical Medicine, San Juan, Puerto Rico. 
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Certain antimony compounds are effective chemotherapeutic agents in 
the treatment of filarial infections in both animals? and humans.3-* How- 
“ever, it is evident that, in order to obtain satisfactory results, doses rather 
larger than those ordinarily used are necessary. In the course of a study 
on the chemotherapy of filariasis, patients were treated with a number 
of different antimonial drugs. The drugs employed were neostibosan, 
neostam, fuadin, anthiomaline (Specia), anthiomaline (Merck), urea 
stibamine, tartar emetic, and stibanose. Seventy-five patients were inten- 
sively treated with these compounds and the plan of therapy in each 
group of patients was to give a single course of the drug, usually over a 
period of two weeks, administering each drug to the limits of tolerance. 
Toxic reactions of varying character and severity were noted to accompany 
the administration of each compound. The reactions to some of the drugs 
were relatively inconsequential, in spite of the continued administration of 
large daily doses, whereas with other drugs the reactions were frequent 
and severe and in many cases made it necessary either to modify the 
dosage schedule or entirely to discontinue treatment. The most striking 
phenomenon in this series of intensively treated patients was the develop- 
ment of tolerance to certain compounds, notably neostibosan, and the 
Progressive appearance of intolerance to others of the drugs that were 
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employed. It is the purpose of this discussion to describe the nature and 
frequency of toxic reactions to-the eight antimonial compounds already 
referred to, and especially to note the chronological sequence of these 
reactions. In addition, we wish to note the level of tolerance to a certain 
trivalent arsenic compound, melarsen oxide, and to describe an experi- 
mental study of the tolerance of pentavalent antimony by patients who 
had previously received trivalent antimony, as well as the development 
of tolerance of patients who had received a course of treatment with one 
pentavalent compound to another pentavalent compound. | 

Ficure 1 illustrates the reactions that were observed in a group of 
fifteen patients intensively treated with neostibosan intravenously. The 
patients received total doses of drug ranging from 5.9 grams to 15.5 grams 
over a period of two weeks. Six of these individuals experienced no type 
of reaction whatever. In the others, nausea and vomiting were the chief 
and usually the only symptoms, and these ordinarily appeared within 
10 to 20 minutes after the drug had been injected. It is important to 
note that reactions, when they occurred, were seen early in the course 
of therapy, but, as relatively large doses of the compound continued to 
be administered each day, in nearly all cases the signs of toxicity tended 
to disappear, so that the latter period of therapy usually was accomplished 

Total 
Drug REACTIONS TO NEOSTAM 


Patient/gms. 


1/106 ANV N FRIFR/IFR|FRIFR/IFRIFR 

2\)11.4 | FH F F FRV|FAR|FRIJFR {FR |FR|FR 
weve [fen lenle [m rlors 
OS 

Vv ANV ANV 


7110.85 
8 |11.0 
9 /10.! 
10 | 8.7 ees 
| ae aS eae SUMS me Te ea aselOrs Ll 12 ete, 14 
Days 
A —- ABDOMINAL PAIN H-HEADACHE 
C— CONJUNCTIVITIS N-NAUSEA 
F— FEVER R-RASH 
V-VOMITING 


FIGURE 2, 


100 ANNALS NEW YORK ACADEMY OF SCIENCES 


without incident. The pattern suggests definitely that, as treatment with 
neostibosan is continued, a very considerable degree of tolerance to this 
compound is developed. On this account, although in some of these 
patients really formidable amounts of the drug were administered, in no 
case was it ever necessary to discontinue treatment because of toxic 
reactions. 

Ten patients were treated with neostam (FIGURE 2), receiving three 
injections of the drug daily by the intravenous route. The total amounts 
of drug administered over a three-week period of treatment ranged from 
7.7 grams to 11.4 grams. Severe toxic reactions were seen in nearly every 
patient throughout the period of treatment. During the first week of 
therapy, the chief reactions observed were nausea and vomiting immedi- 
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ately following injection of the drug. As administration was continued 
and the doses of the drug were increased, nausea and vomiting tended to 
disappear, illustrating the acquisition of a certain amount of tolerance. 
However, during the second week of therapy, although nausea and vomit- 
ing were observed in only one or two instances, nearly all of the patients 
developed some fever together with skin eruptions characterized by 
erythema, vesiculation, desquamation, and more or less marked itching. 
In spite of these manifestations, drug therapy was continued in all patients 
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and the courses of treatment were successfully completed, although in 
some cases the total amounts of drug administered were less than had 
originally been planned. While signs of damage to the liver, the kidneys, 
and the bone marrow did not appear, it was difficult to keep patients under 
therapy with neostam because of the other forms of toxicity, and we 
consider that the administration of large amounts of this compound in 


a program of intensive therapy is potentially hazardous and not to be 
recommended. 


As shown in FicureE 3, fifteen patients were treated with fuadin intra- 
muscularly for fourteen days, receiving total doses ranging from 1.6 to 6.3 
grams. No reactions were seen in any patient until the third day, after 
which, however, they were seen in every case. The reactions were of such 
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severity that in no case could the planned program of therapy be carried 
out, and in two patients the drug had to be discontinued permanently 
after seven and eight days, respectively. The symptoms of toxicity that 
were observed consisted primarily of anorexia, fever, headache, nausea, 
vomiting, and salivation. In one patient a skin eruption appeared. It is of 
considerable interest that the signs of toxicity were not observed immedi- 
ately following the initial administration of this drug, but tended to 
develop slowly and, in some individuals, were not observed until after 


the first week of therapy. In all patients, however, once toxic signs or 


102 ANNALS NEW YORK ACADEMY OF SCIENCES 


symptoms made their appearance they continued to become progressively 
severe when an attempt was made to maintain the drug in full dosage, 
and the only way treatment could be continued for a total of two weeks, 
in nearly all instances, was by progressively decreasing the daily dose. It 
is apparent that, in dealing with fuadin, we were confronted with the 
progressive development of an intolerance to the drug. This is quite the 
reverse of what we encountered in the patients treated with neostibosan. 

Ficure 4 shows the results in ten patients treated with anthiomaline 
(Specia) intramuscularly in total dosage from 1.08 to 3.60 grams. The 
plan of treatment in this group called for a daily single injection of 0.18 
grams in a total volume of 3 ml. over a period of 20 days. As with 
fuadin, the initial days of the therapeutic program were completed with- 
out incident and, in nine of the ten patients, no reactions whatever were 
seen until the 12th day. Thereafter, however, reactions occurred and 
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became progressively severe. In one patient, whose first toxic reaction 
occurred on the seventh day, treatment with the drug had to be dis- 
continued permanently. It is obvious that with anthiomaline, as with 
fuadin, the patients displayed a progressive intolerance to the drug. 
Ficure 5 illustrates the reactions in ten patients treated with anthio- 
maline (Merck) intramuscularly over a period of fourteen days, receiving 
total doses from 1.68 to 3.36 grams. This drug was administered in as 
large a dosage as was possible. Again, as with anthiomaline (Specia), the 
toxic reactions were delayed in their appearance and none of the pated 
experienced any ill effects until the 4th day. Thereafter, however, the 
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reactions became progressively severe and in two patients the drug had 
to be discontinued on the 9th and 10th days, respectively. Due to the 
fact that the patients developed, in most cases, such a marked intolerance 
to the drug as treatment was continued, it was impossible to continue 
the daily administration of large doses and the two-week therapeutic 
program could only be finished by decreasing the daily doses of the com- 
pound and sometimes omitting them entirely. Consequently, the total 
amounts of drug received were relatively small in eight of the ten cases. 
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"Six patients were treated with urea stibamine over a period of two 
weeks, as shown in FicurE 6, receiving total doses ranging from 3.3 grams 
to 7.1 grams. The six patients were divided into two groups of three 
each, one of which received the Brahmachari preparation of the drug, and 
the other group the compound as prepared by E. R. Squibb & Sons. 
“Reactions to the Indian preparation were quite severe in every Instance, 
necessitating the administration of small individual doses, and it appeared 
that more intensive therapy with this preparation was distinctly dan- 
gerous. On the other hand, the Squibb preparation of urea stibamine 
was very well tolerated. Two of the patients experienced a little headache, 
but otherwise no reactions of any consequence were noted. 

Four patients were treated with tartar emetic intravenously over a period 
of two weeks in total dosage ranging from .73 to .88 grams (FIGURE 6). 
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Relatively small doses of this compound were administered because of its 
known toxicity, but in spite of this precaution all of the patients experi- 
enced reactions late in the course of therapy. It should be noted once 
more that with tartar emetic, as with fuadin and anthiomaline, the 
administration of trivalent antimony did not result in early symptoms or 
signs of toxicity, but these developed toward the end of the first week and 
became progressively severe. 

Five patients received stibanose intramuscularly three times daily for 
two weeks in a total dose ranging from 13.87 to 15.21 grams. No reactions 
of any sort were encountered in this group. 


GHRONOLOGY OF REACTIONS 
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In addition to the seventy-five patients that were treated with the anti- 
monial compounds, eighteen patients were also given a course of therapy 
with a trivalent arsenical preparation, melarsen oxide. This drug is 
available in capsules for administration by mouth and can also be given 
intravenously dissolved in propylene glycol. Fifteen of the patients 
received the drug by the intravenous route. Seven were given dail 
doses of 7.5 milligrams over a period of one week. No toxic Bobs, 
of any kind were observed during the period of therapy, but one patient 
on the day following the completion of treatment developed mild head- 
ache and a low-grade fever which persisted for 48 hours. Eight patients 
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were then given slightly larger doses of the drug, receiving 10 milligrams 
daily by the intravenous route over a planned period of ten days. How- 
ever, on the eighth and ninth days, respectively, two of the patients 
suddenly developed a severe form of toxic encephalitis. For several days 
both were critically ill, but fortunately they recovered eventually without 
permanent residual effects. Two other patients experienced malaise and 
moderately severe headache without, however, any encephalitic manifes- 
tations. The remaining four patients of this group had no toxic reactions 
whatever. Three patients were given melarsen oxide by mouth in doses 
of 50 milligrams three times daily for periods of 8 to 14 days. Two of 
these individuals showed signs of toxicity as evidenced by malaise and 
fever, and in addition one of them developed a toxic erythema. As a 
result of these experiences, it was concluded that melarsen oxide is poten- 
tially too dangerous for use even in the rather moderate doses that were 
administered. 

A noteworthy observation on the response of patients to antimony com- 
pounds administered intensively by parenteral routes, was the chrono- 
logical sequence of the reactions and the remarkable development of 
tolerance to neostibosan (FIGURE 7). Reactions with the pentavalent 
preparations, neostibosan and neostam, appeared early in the course of 
treatment. With neostibosan, these reactions were mild and tended to 
disappear, or disappeared completely, in spite of the continued adminis- 
tration of large doses of the drug. With the trivalent antimony prepara- 
tions, on the other hand, reactions were never seen before the third day 
of treatment, but thereafter they regularly became increasingly severe and 
necessitated the cessation of therapy in a number of patients. 


TABLE 1 


Reactions to NeostaM FoLLowinc THERAPY WITH TARTAR EMETIG 
AND ANTHIOMALINE 


Previous therapy Provocative test 
Case 
= Drug Amount | Neostam 50 mg. Neostam 150 mg. 

1 Tartar emetic | 0.88 gm. | No reaction Severe abdominal pain 

2 Tartar emetic | 0.79 gm. | No reaction Severe abdominal pain 

3 Tartar emetic | 0.85 gm. | Abdominal pain | Not given 

Diarrhea 

4 Tartar emetic | 0.73 gm. | No reaction Severe abdominal pain 
Nausea and vomiting 
Shock requiring treatment 

& Anthiomaline | 2.94 gm. | Diarrhea Severe abdominal pain 
Nausea and vomiting 

6 Anthiomaline | 4.20 gm. | No reaction Nausea and vomiting 


7 Anthiomaline | 2.76 gm. | No reaction Nausea and vomiting 
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A study was made to determine whether the administration of trivalent 
antimony would induce tolerance to pentavalent antimony. One group 
of three patients at the end of their course of therapy with anthiomaline, 
and another group of four patients treated with tartar emetic, both 
trivalent preparations, were given small doses of neostam, a pentavalent 
compound. The results are shown in TABLE 1. A small provocative dose 
of 0.05 gm. of neostam intravenously caused diarrhea and abdominal 
pain in two of the seven patients withm half an hour after injection. The 
five patients who showed no effects from the first dose of neostam were 
then given a second dose of 0.15 gm. three hours later. Reactions 
characterized by severe abdominal pain, nausea, and vomiting were seen 
in every instance within twenty minutes, and one patient exhibited a 
shock-like syndrome requiring immediate supportive therapy. Doses of 
neostam below 0.2 gm. invariably produced no reactions in patients who 
were completing their course of intensive treatment with this drug. It 
thus became apparent that the previous administration of the trivalent 
antimony compounds did not raise the level of the patients’ tolerance to 
small doses of the pentavalent compound. 

Another group of five patients, at the end of their course of treatment 
with neostam, were given single injections of 0.3 or 0.5 gm. of neostibosan, 
which also contains pentavalent antimony. As shown in TABLE 2, no 


TABLE 2 
REACTIONS To NEosTIBOSAN FOLLOWING THERAPY WITH NEosTAM 
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Previous therapy Provocative test 
Case 
Drug Amount Drug Amount Reaction 
1 Neostam 9.85 gm. Neostibosan 0.3 gm. None 
2 Neostam 10.85 gm. Neostibosan 0.3 gm. None 
3 Neostam 11,40 gm. Neostibosan 0.3 gm. None 
4 Neostam 10.60 gm. Neostibosan 0.3 gm. None 
5 Neostam 10.60 gm. Neostibosan 0.5 gm. None 


———— eee 


reactions occurred in any of these patients, although, in our experience, 
neostibosan given intravenously in doses exceeding 0.2 gm. always caused 
nausea and vomiting in patients who received it for the first time. The 
failure of the neostam-treated patients to react to the large doses of 
neostibosan must indicate, therefore, that the administration of the one 
pentavalent drug induced tolerance of the other. 


SUMMARY 


The intensive administration of organic antimony compounds by the 
intravenous or intramuscular route is accompanied by toxic side reactions 
of varying character and severity. With some preparations, notably neo- 
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stibosan, the continued administration results in the development of 
considerable tolerance, with progressive diminution in severity or even 
complete disappearance of toxic side effects. With other compounds, 
however, notably those containing trivalent antimony, continued adminis- 
tration results in progressively greater intolerance, with increasingly severe 
side reactions, so that dosage schedules have to be modified or the drugs 
discontinued entirely. 

There is evidence that the administration of trivalent antimony will not 
result in any increase in tolerance of pentavalent antimony. However, the 
administration of one pentavalent preparation appears to produce an 
increase in tolerance to another pentavalent drug. 

The trivalent arsenical compound, melarsen oxide, may produce dan- 
gerous toxic reactions when given in moderate dosage. 
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CHEMISTRY OF THE CYANINE DYES* 
By L. G. S. BROOKER 


Eastman Kodak Research Laboratories, Rochester, N. Y. 


Several families of basic dyes are characterized by the possession of the 
amidinium system, the essential grouping of which is: 


| | | + + | | | 
SN =(C = C\a eC aN ce Ne ee 


When the two nitrogen atoms are members of heterocyclic rings and the 
unsaturated chain between them also passes through these rings, such 
dyes are known as C'yanines. These dyes, in general, are not fast to light 
and their chief interest has been in photography, where for a good many 
years they have been of outstanding value as color sensitizers. Methods 
of synthesis have been elaborated that have provided cyanines differing 
widely in structure, absorption, and solubility. Where the two nuclei 
comprising the cyanine are identical, the dye is said to be symmetrical, 
and an example is provided by the dye following, the nuclei of which are 
derived from quinoline: 


C,H C2H¢s Gills CH 


The =CH— group between the quinoline rings in this dye may be in- 
creased in length to =CH—CH=—CH—, =CH—CH=CH—CH=CH—, 
—=CH—CH=CH—CH=CH—CH=CH— or even to longer lengths and 
these chains may furthermore be substituted at certain positions. The 
ethyl groups shown on the nitrogen atoms may be replaced by other alkyl 
or aralkyl groups and the quinoline rings may themselves be substituted, 
or replaced by a wide variety of other heterocyclic rings. Still other 
cyanines may be obtained by combining rings of two different kinds to 
give unsymmetrical cyanines. It is clear that the number of possible 
cyanines is, thus, very great indeed. Theoretical considerations lead to 
the conclusion that, wherever possible, the cyanine molecules will have 
a planar configuration but in certain cases planarity must be impossible. 


* For further details the reader is referred to such review articles Ch i 
Mees’s Theory of the Photographic Process (Macmillan, New Vockuoe ce Se “e 
Hindrance to Planarity in Dye Molecules, Chem. Rev., October, 1947. , Js 
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CHEMOTHERAPEUTIC ACTIVITY OF CYANINES 
AND RELATED COMPOUNDS IN FILARIASIS 
IN THE COTTON RAT* 


By Harotp N. Wricut, Joun T. Lircuriecp, Jr., THERESA Brey, 
Evizasetu M. Cranston, ASHTON C. CUCKLER, AND 
Raymonp N. BIETER 


Department of Pharmacology, University of Minnesota Medical School, 
Minneapolis, Minnesota 


A group of more than sixty cyanine dyes and related compounds has 
been studied! for chemotherapeutic activity against the naturally 
acquired Litomosoides carinii infestation in the wild cotton rat as part 
of a coordinated research program on filariasis under the auspices of the 
Office of Scientific Research and Development. A similar study with a 
group of pyrryl, pyrimidyl and related cyanines was carried out simul- 
taneously by Dr. A. D. Welch and his associates*® at Western Reserve 
University. 

Care of the animals and administration of drugs was greatly facilitated 
by the use of special cages, holders, and feed cups designed by one of the 
authors (J. T. Litchfield, Jr.). The cages were made of a heavy wire 
mesh, were oblong in shape and of a size suitable for housing the rats 
individually. One end of the cage was designed as consisting of flanged 
sheet metal into which fitted a sliding door and to which either the holder 
or feed cup could be attached (FIGURE 1). The holders were equipped 
with sliding doors at both ends and had a curved piece of metal extending 
most of the length inside the top, which was attached by springs to a 
metal bar outside the holder. With the holder in hand, slight pressure 
from the palm could be exerted on the bar, thus pressing the abdomen 
of the rat gently against the wire mesh bottom of the holder, through 
which intraperitoneal injections were then made. For drug diet adminis- 
tration, feed cups were attached to the metal flanges on the outside of 
the cages, thus allowing easy removal for daily filling and weighing. 

Tests for chemotherapeutic activity were made in vivo against the adult 
filaria. Administration was usually by intraperitoneal injection every 
eight hours for eighteen doses with autopsy on the eighth day. The 
filaria were removed at autopsy, placed in a modified Sim’s solution and 
examined for motility for 24 hours. The minimum curative dose was 
taken to be that dose of drug which killed 50 per cent or more of the adult 
filaria. Therapeutic indices were determined as the ratio of the maximum 
tolerated dose (M.T.D.) to the minimum curative dose (M.C.D.) based 


* This work was done under contract with the Office of Scientific Research and Develop- 
ment, the Office of the Surgeon General of the R. S. Army, the United States Public Health 


Service, and the University of Minnesota. Grateful appreciation is made to the Eastman 
Kodak Company and Parke, Davis and Company for supplying these compounds through 


the Chemotherapy Center. 
(109) 


110 ANNALS NEW YORK ACADEMY OF SCIENCES 


on the graded dosages used which usually were separated from one 
another by a factor of three. For this reason, the therapeutic indices 
are given as a range of activity, the lower figure representing the estab- 
lished minimum, the higher the possible maximum therapeutic index. 
The majority of compounds tested were styryl quinolines or diquinolines. 
In the group of p-amino styryl quinolines (FIGURE 2); 2-p-diethylamino 
styryl-6 methyl quinoline, containing two trivalent nitrogens, showed only 
questionable activity, whereas the ethyl chloride homologue, 2-p-diethyla- 


FIGURE 1. 


° 
mino styryl-6-methyl quinoline etho-chloride, gave a therapeutic index of 
6-10, thus demonstrating a marked increase of activity when one 
pentavalent and one trivalent nitrogen were present. All p-amino styryl 
quinolines with one pentavalent and one trivalent nitrogen tested (twenty 
in number) showed activity with therapeutic indices ranging from 1-3 
to 9-27. Activity was entirely lost if the amino group on the styryl ring 
was removed: Increasing the carbon chain on the quinoline nitrogen did 
not seem to alter activity. Substitutions in position six of the quinoline 
ring were not necessary, but some evidence was obtained to indicate that 
increasing the carbon chain of alkyl groups in this position enhanced 
activity. The irritant properties of the compounds, however, increased 
faster than the therapeutic activity. All the compounds tested in this 
series had alkyl substitutions on the p-amino nitrogen of the styryl ring. 


| 
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Propyl groupings here have greater activity than methyl, ethyl, butyl or 
amyl groups, the diisopropyl being better than the di-n-propyl. The most 
active compound in the series of styryl quinolines tested was 2- p-diisopropyl 
amino styryl-6-methyl quinoline methochloride, which was effective in a 
son 0.1 mg. per kg. for eighteen doses and gave a therapeutic index 
of 27. 

Three vinyl pyridine compounds were tested, one of which showed 
‘slight activity, the other two giving entirely negative results. Six quinoline 
derivatives with alkyl, alkoxy, mercapto or amino substitutions gave little 
or no activity. Some of these compounds contained a trivalent nitrogen 


Y Y 
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FIGURE 2. 


and some a pentavalent nitrogen in the pyridine or quinoline ring. Two 
~ derivatives of anilino vinyl quinoline and one anilino methylene quino- 
line were negative. 

The group of diquinoline compounds tested included five cyanine 
chlorides, eleven carbocyanine chlorides, and a number of compounds 
having a related structure such as the benzothiazoles (FIGURE 2). All of 
the compounds tested. in the cyanine and carbocyanine series possessed 
some degree of therapeutic activity. 

The parent substance of the series 1,1’-dimethyl 2,2’-cyanine chloride 
possessed only minimal activity. Substitution of methoxy groups in the 
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6,6’ positions slightly enhanced the activity. The mono-benzo derivative, 
1,1’-dimethyl 3,4-benzo 2,2’-cyanine chloride, however, possessed consid- 
erable activity, having a therapeutic index of 9-27. An equal degree of 
activity was encountered when the two quinoline molecules were linked 
together through the 4 position as in 1,1’-dimethyl 4,4’-cyanine chloride 
(therapeutic index 9-27). 

The carbocyanines, in general, were more potent than the corresponding 
cyanines. The carbocyanine analogue, 1,1’-dimethyl 2,2’-carbocyanine 
chloride (therapeutic index 3-9), was approximately nine times as potent 
as the parent cyanine, 1,1’-dimethyl 2,2’-cyanine chloride. The same 
degree of therapeutic activity was possessed by the corresponding 
4,4’-carbocyanine, 1,1’-dimethyl 4,4’-carbocyanine chloride. Therapeutic 
activity was depressed by a 2,4’-carbocyanine linkage, by substitution of 
methoxy groups in the 6,6’ positions, and by a 3,4,3’,4’ di-benzo substi- 
tution. 

On the other hand, the therapeutic activity was enhanced by replacing 
the methyl groups on the nitrogen atoms with ethyl groups, as in 
1,1’-diethyl 2,2’-carbocyanine chloride (therapeutic index 9-27), and was 
tremendously enhanced by substituting ethoxy groups in these ethyl 
groups to produce the compound 1,1’-di-B-ethoxyethyl 2,2’-carbocyanine 
chloride and its p-toluene sulfonate salt (therapeutic indices 80-160). 

Attempts to modify this structure further gave only compounds of less 
activity, as for example the 6,6’-dimethoxy derivative and the 1,1’-di-B- 
phenoxyethyl derivative, both of which, while active, had therapeutic 
indices of only 9-27. 

The cyanine compound 1,1’-di-B-ethoxyethyl 2,2’-carbocyanine chloride 
and its p-toluene sulfonate salt have displayed by far the greatest filaricidal 
activity of any of the group of more than sixty compounds tested by us. 
The chloride salt, when administered intraperitoneally to cotton rats at 
8-hour intervals for 18 doses, was tolerated in a maximal total dose of 
24 mg./kg. (1.33 mg./kg. x 18) and was curative in a minimal total dose 
of 0.3 mg./kg. (0.017 mg./kg. x 18), giving a therapeutic index of 80. 
When administered intraperitoneally once daily for 6 doses, the M.T.D. 
was 24 mg./kg. (total dose) and the M.C.D. was 0.3 mg. /kg. (total dose) , 
again giving a therapeutic index of 80. With subcutaneous administration 
every 8 hours for 18 doses, the M.T.D. was 72 mg./kg. and the M.C.D. 
0.9 mg./kg., again giving a therapeutic index of 80. Administered sub- 
cutaneously once daily for 6 doses, the M.T.D. was 48 mg./kg. and the 
M.C.D. 0.3 mg./kg., giving a therapeutic index of 160. The p-toluene 
sulfonate salt of the same compound, when administered intraperitoneally 
every 8 hours for 18 doses, gave a M.T.D. of 30 mg./kg., a M.C.T. of 
0.3 mg./kg. and a therapeutic index of 100. When administered intra- 
peritoneally once daily for 6 days, the M.T.D. was 48 mg./kg., the 
M.C.D. 0.3 mg./kg., and the therapeutic index 160. 

The acute intravenous L.D.59 of the p-toluene sulfonate salt has been 
determined to be 4.46 + 0.30 mg./kg. for the rabbit, 5.08 + 0.15 mg./kg. 
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for the rat, 5.36 - 0.27 mg./kg. for the guinea pig, and 5.89 + 0.23 
mg./kg. for the uninfected cotton rat. The acute lethal dose for dogs has 
_ been determined by administration to anesthetized dogs having the carotid 
artery cannulated for blood pressure recording. A dosage of 1 mg./kg. of 
the compound, as a 1:1000 solution, was injected intravenously at 
15-minute intervals until the death of the animal. The lethal dose ranged 
from 8 to 26 mg./kg. with a mean of 12.3 mg./kg. 

Studies of chronic toxicity in dogs are still in progress. Five dogs that 
received a dose of 1 mg./kg. intravenously daily (6 days per week) died 
or were sacrificed after 20 to 100 doses with an average of 37. These 
animals lost their appetite under daily injections and inanition appeared 
to play a major role as the cause of death. Dogs receiving a dose of 
1 mg./kg. intravenously three times per week appear to tolerate the com- 
pound indefinitely and have received 75 to 100 injections without any 
gross evidence of injury. 


SUMMARY AND CONCLUSIONS 


A group of more than sixty cyanine and related compounds have been 
tested for filaricidal activity in the natural Litomosoides carinit infection 
in the wild cotton rat. 

The compounds tested were chiefly p-amino styryl quinolines and 
diquinolines, although other structures were investigated in an attempt to 
elucidate the relationship between structure and activity. 

Filaricidal acivity does not appear to depend upon the presence of any 
one structure, since it was found by us in p-amino styryl quinoline and 
pyridine derivatives, in diquinoline cyanines and carbocyanines, as well as 
in benzothiazole derivatives, and has been found by Welch and associates 
in pyrryl and pyrimidyl quinolines and other structures. 

The essential structural grouping appears to be a quaternary and a 
tertiary nitrogen pair separated by an uneven number of carbon atoms 
_-containing alternate single and double bonds. Any interference with such 
a resonating system reduces or destroys filaricidal activity. 

The cyanine derivatives that possessed the greatest degree of filaricidal 
activity in the cotton rat, out of the more than sixty such compounds tested 
by us, were 1,1’-di-B-ethoxyethy], 9,2’-carbocyanine chloride and p-toluene 
sulfonate. These compounds were effective in curing this infection when 
administered intraperitoneally in dosages of 0.0167 mg./kg. every eight 
hours for 18 doses, or 0.05 mg./kg. once daily for six days. The thera- 
peutic indices of the compounds (M.T.D./ M.C.D.) ranged from 80 to 160. 

The p-toluene sulfonate salt is ultimately toxic if administered intra- 
venously to dogs daily in a dose of 1 mg./kg., the average lethal dose being 
37 mg./kg., but is tolerated indefinitely (75-100 doses) when administered 
at the same dosage level three times weekly. 
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EFFECT OF CYANINE DYES ON THE 

‘ METABOLISM OF LITOMOSOIDES CARINII*  . 
; By ERNEST BUEDING 

j Department of Pharmacology, School of Medicine, Western Reserve University, 
. Cleveland, Ohio 


The cyanine dyes in concentrations as low as 5 x 10-8 M (1:40,000,000) 
inhibit the oxidative metabolism of Litomosoides carinii. The inhibition 
of the respiration of these worms produced by the cyanines is associated 
with a compensatory increase in aerobic glycolysis. This effect of the 
-eyanines on filarial metabolism is not limited to conditions in vitro. After 
the intraperitoneal injection of subcurative doses of a cyanine dye to 
filariae infected cotton rats, the worms removed from the pleural cavity of 
the host survive and remain motile, but their oxygen uptake is decreased 
and their rate of aerobic glycolysis is increased. Since the administration 
of two to four times higher doses results in the death of the parasite, it 
appears that the curative action of the cyanines in filariasis of the cotton 
rat is due to an inhibitory effect of these compounds on the respiratory 
metabolism of the parasite. 

The respiratory metabolism of L. carinii is inhibited by low concentra- 
tions of all compounds having the amidinium ion system in which a 

‘positively charged quaternary nitrogen is linked to a tertiary nitrogen 
by a conjugated chain of at least three carbons in length. Both nitrogens 
may be incorporated in heterocyclic rings (cyanine dyes), 

is / / / / / 
-: N=C— (C=C), NOS N-—C= (C —G)a=N & 
or one nitrogen may be part of a side chain of a ring structure (styryl dyes), 
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Activity in vitro is not restricted to any particular ring and is maintained 
despite variations in structure. However, any modification which 
abolishes the possibility of amidinium ion resonance results in a disappear- 


ance of high activity in vitro. 
The cyanines in concentrations 500 to 1000 times higher than those 


_ required to inhibit the respiration of L. carinii have no effect on the 
oxygen uptake of slices and homogenates of mammalian tissues or on the 
“activity of cytochrome c¢ or cytochrome oxidase. This indicates that the 


ees 
* The work described in this and the following paper (by Dr, L. Peters) was done, in 
- part, under a contract recommended by the Committee on Medical Research, between the 
Office of Scientific Research and Development and Western Reserve University (August E; 
1944—October 31, 1945); in part, under a contract between the Office of the Surgeon 
General, U. S. Army (November 1, 1945—December 31, 1946); and in part with the aid 
from the U. S. Public Health Service (since January 1, 1947). From the 
f the study of this group of compounds, we have enjoyed the finest, cooperation 
from Dr. L. G. S. Brooker and from Parke, Davis Laboratories. Further, this investigation 
has been facilitated in innumerable ways by Lucille Farquhar, technical aide of the National 
Research Council, who coordinated studies in this and related fields. Other members of this 
series of compounds have been studied by R. N. Bieter, H. N. Wright, and their associates 


at the University of Minnesota. 
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cyanines inhibit in these filarial worms an enzyme system that plays no 
role, or one of only minor importance, in mammalian tissues. Since th 
respiration of this organism is markedly inhibited by a low concentration 
of cyanide, it appears likely that L. carinii has one or several heavy metal- 
containing respiratory systems. ‘The latter are not, however, identical 
with cytochrome c¢ or cytochrome oxidase, since neither of these tw 
enzymes could be detected in this parasite. Respiration and carbohydrat 
utilization of L. carinii is inhibited by p-chloro-mercuric benzoate. Th 
effect of this sulfhydryl group inhibitor is not reversed by cysteine, 
thioglycollate or glutathione. 

Several metabolic characteristics, as, for instance, a high rate of aerobi 
glycogen synthesis, the quantitative conversion of carbohydrate to lacti 
acid, and the absence of a post-anaerobic increase in oxygen uptake, dis- 
tinguish the filarial worm, L. carinii, from most of the other parasites 
which have been studied so far. This is only one example which illustrates: 
the fact that, in contrast to vertebrates, the metabolic characteristics of 
invertebrates vary greatly from one species to another. Even among? 
morphologically closely related species profound metabolic differences; 
have been observed. For example, the sole end product of the aerobic! 
carbohydrate metabolism of Trypanosoma equiperdium is pyruvic acid,!: 
while Trypanosoma lewisi converts glucose aerobically to succinic, acetic: 
and formic acids, ethyl alcohol and carbon dioxide. Futhermore, respira-: 
tion of Trypanosoma cruzi is inhibited in low concentrations of cyanide;?! 
conversely, respiration of Trypanosoma equiperdium and of Trypanosoma: 
rhodesiense is not inhibited by cyanide.* 

Therefore, it is evident that the metabolic characteristics of one parasitic 
invertebrate do not permit one to conclude that a morphologically related 
organism has a similar type of metabolism and, consequently, is sensitive 
to the same metabolic inhibitors or chemotherapeutic agents. On the other 
hand, investigations of the biochemical characteristics of an invertebrate 
parasite will contribute to a better understanding of the mechanism of 
action of known chemotherapeutic agents effective against this specific 
organism. Furthermore, such an approach will eventually afford a possi- | 
bility to replace the presently prevailing empirical methods with a more 
rational development of metabolic inhibitors and of chemotherapeutic 
agents against pathogenic parasites. 
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ANTIFILARIAL ACTION, TOXICOLOGY, AND 
CLINICAL TRIAL OF CYANINE DYES 
IN FILARIASIS* 


By LawreENCE PETERS 


Department of Pharmacology, School of Medicine, Western Reserve University, 
Cleveland, Ohio 


Routine testing of many compounds for chemotherapeutic properties 
against L. carinii, in the cotton rat, disclosed that the cyanine dye 
(1-amyl-2,5-dimethyl-3-pyrrole) (1,6-dimethyl-2-quinoline) dimethincy- 
anine chloride (Chemotherapy Center #348), when administered intra- 
peritoneally every 24 hours for 5 doses (0.2 mg./kg. per dose) , consistently 
killed all worms present in the pleural cavity as indicated by the irreversible 
loss of motility of such worms when placed in nutrient medium 48 hours 
after the last dose. Maximally tolerated doses were of 10 to 12 times this 
magnitude. No decrease in microfilaremia occurred during this period, 
but when autopsy was delayed, a slow reduction in the microfilarial count 
occurred over a period of six months. In contrast, it was not possible to 
produce a lethal effect against the adult forms of the heart-worm, 
* Dirofilaria immitis, in dogs, but a marked reduction in the microfilarial 
count occurred during a period of only a few days following even a single 
dose of drug. 

The inhibitory effects of cyanines on the essential oxidative metabolism 
of Litomosoides carinii, and the chemical structure essential to those 
effects, have been discussed by Dr. Bueding in the preceding paper. 

“Screening” tests on the large number of cyanines prepared by 

Dr. L. G. S. Brooker consisted of measurements of curative activity and 
toxicity in cotton rats, and measurements of ability to inhibit the oxidative 
metabolism of L. carinii in vitro. On the basis of such tests, 1-ethyl- 
3 6-dimethyl-2-phenyl-4-pyrimido-2-cyanine chloride (C.C. #863) was 
selected as the most promising compound, its curative activity in vivo 
being equal to, and its activity in vitro superior to, that of compound 
peat 348. 
Given orally, the cyanines produced only occasional cures even with 
“massive doses. Subcutaneous therapy likewise produced cures incon- 
sistently, even at maximally tolerated doses, and was accompanied by 
tissue damage at the site of injection. Though tissue damage was less with 
compound #863 than with other cyanines, it was sufficient to preclude 
the subcutaneous route of administration. Therefore, compound #863 
was investigated from the standpoint of intravenous therapy. 


* We are indebted to Dr. W. B. Wartman, Department of Pathology, Northwestern 
University Medical School, Chicago, Illinois, for his cooperation in the pathological examina- 
tion of the tissues of animals subjected to treatment with #863. 
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In infected cotton rats, cures were almost invariably produced by 
1.0 mg./kg., repeated 3-6 times at intervals of 1, 3 or 7 days, while © 
fatalities occurred only with individual doses of 10 mg. or more per kg. 

Extensive studies of the chronic toxicity of compound #863 in dogs 
and monkeys disclosed a mild and reversible renal damage as the only 
manifestation. During intravenous administration, a transient hypo- 
tensive effect with compensatory tachycardia was noted. This effect is 
of consequence only when large doses are administered rapidly. 

A method of extraction of the drug from tissues and its spectrophoto- 
metric determination have been devised. Data on distribution and excre- 
tion of drug, following its administration in dogs, will be presented and 
discussed. These data show that the kidney, and particularly the renal 
tubules, took up an amount of drug much greater than that found in any 
other tissue or organ. Though the heart contained very low concentrations 
of drug following a single dose, cumulation tended to occur in this organ 
and in skeletal muscle with multiple doses given at intervals of 24 hours. 
The concentrations of drug found in other organs were not striking. 
Excretion of drug by the bile in amounts up to 15 per cent of an injected 
dose may explain the absence of high concentrations in the liver. Measure- 
ments of the recovery of drug from organs, bile, and urine suggest that 
degradation in the body occurred to such an extent that 2.0 mg./kg. 
could be given to dogs daily with only slight cumulation. Marked cumu- 
lation occurred, however, when the dose was increased to 5.0 mg./kg. 

Studies on the possible effectiveness of compound #863 in the treatment 
of human patients infested with Wuchereria bancrofti have been initiated 
in Puerto Rico, through the courtesy of the staff of the School of Tropical 
Medicine in San Juan. Occasional nausea and a mild transient fall in 
blood pressure with compensatory tachycardia were the only untoward 
reactions observed in the 27 patients treated. The therapy consisted of 
4 or 8 intravenous infusions of 2.0 mg./kg. of drug with a 48-hour interval 
between doses. Syringe injections of 1.0 mg./kg., administered twice 
weekly for 4 weeks, were likewise well tolerated. Microfilaria counts 
performed on the peripheral blood of these patients showed a marked 
reduction of the microfilaremia during and immediately following therapy. 
However, within a few weeks, the number of circulating microfilariae had 
returned to pre-treatment levels and has remained thus for a period of 
9 to 10 months. 

More recently, ten additional patients have been treated with daily 
intravenous infusions of 2.0 mg./kg. of drug. In these cases, signs of 
toxicity, including dyspnea, severe persistent vomiting, headache, and a 
marked hypotension with bradycardia, began to make their appearance 
after the second or third dose. As a result, therapy was discontinued in 
three cases and temporarily interrupted in the remainder, who received 
two additional doses after a 48-hour rest period. As in the previous study, 
a marked but transient reduction in microfilaria counts occurred with a 
return to pre-treatment levels 1 to 4 weeks later, 
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The second series of patients will have to be followed for some months 
‘before the effectiveness of the therapy can be finally appraised. However, 
in the case of the first series of patients, the failure of the therapy to 
produce a permanent effect on the microfilaremia strongly suggests that 
no adult worms were killed. 

In attempting to explain this lack of a chemotherapeutic effect against 

W. bancrofti, the possibility that compound #863 was incapable of pene- 
trating the lymphatic system presented itself. However, lymph collected 
‘from the thoracic duct of dogs following intravenous administration of 
this drug was found to be capable of inhibiting the respiration of adult 
L. carinii in vitro. Therefore, a more likely explanation for the apparent 
\therapeutic failure of the drug against W. bancrofti is the existence of a 
difference in the metabolic characteristics of this parasite from those of 
L. carinii. 


THE CHEMISTRY OF PIPERAZINE COMPOUNDS 
IN THE CHEMOTHERAPY OF FILARIASIS 


By S. Kusuner, L. M. Brancong, R. I. Hewirt, 
W. L. McEwen, anp Y. SuBBAROw 
Lederle Laboratories Division, American Cyanamid Company, 
Pearl River, New York 
and H. W. Stewart, R. J. TURNER, AND J. J. DENTON 
Calco Chemical Division, American Cyanamid Company, Bound Brook, New Jersey 


For some time, our laboratory has been actively interested in obtaining 
an active filaricide that would be administered orally and still be non- 
metallic and thus avoid the usual effects of the heavy metals in body 
assimilation. Screening experiments against microfilariae in the cotton 
rat led us to believe that we might achieve our goal in the piperazine — 
nucleus. 
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The first compound that showed great promise in the initial screening 
was 1-carbethoxy-4-methylpiperazine (I). 

This compound, designated as 180-C, was prepared by reacting ethyl 
chlorocarbonate (III) under controlled conditions with piperazine (II) 
in aqueous solution. The resulting 1-carbethoxypiperazine (IV), which 


He—CH 9 oH CH 
ee nH + GL-C-0C,H, —— HNC ees 
\cHe—OHy CH,— CH, 
big jag w 
Oo (0H-——CH CH,—CH 
Vj \ - 
w t+ CH, OS—CC 87 CHy ——~ CHa NC “Yn-co0cst 
0 ‘CH==CH CH,—CH¢ 


Zz I 


is obtained in good yield, can be reacted with methyl tosylate (V) in 
alcoholic solution to give 180-C. This method was used by Moore and 
co-workers" in the preparation of the ethyl analogue. 

Subsequent variations of this molecule have led to preparation of 
more than 60 compounds for chemotherapeutic testing. 

In our initial experimentation, the carbethoxy group on the 1 position 
was kept constant while different groups were placed in the 4 position. 
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In Taste 1, these compounds are listed with a few of their physical 
properties and their relative ‘activity in the cotton rat. The first eight 
compounds listed in this table were prepared in the same manner as 
designated for 180-C, with the appropriate changes in the alkyl tosylate 
for compounds 3, 4, 5, and 6. 


TABLE 1 ‘ 
R—NO ON rare, 
CHy—CHg 

Compound R B.P. of base °C. Mm. M.P. of HCl °C. Activity 
1 H 156.5-157 + 

2 CH; 97-98 8 168.5-169 ++ 
3 C.H; 132 28 + 
ot n-C3H, 136 16 189-192 + 
5 iso-CsH, 138-144 19 + 
6 n-C.Ho 139-140 8 “2 
7 sec.-CsHo 139-147 18 218-221 (dec:) + 
8 iso-CiHo 139-143 18 os 
9 n-C;Has 159-161 4 = 
10 CH, = CH CH; 113-115 6 —_ 
11 CH2CH.OH 175-177 12 = 
12 CH2CO:2C2Hs 123-125 2 = 
13 CoHs 61-61.5 (m.p.) 197-198 (dec:) — 
14 C.H;CHa 218-218.5 — 
15 CO:.C2Hs 131-133 3 — 


The n-heptyl, allyl, @-hydroxy ethyl, benzyl, and carbethoxymethyl 
~ derivatives were prepared by the use of their corresponding halide in 
alcoholic solution with 1-carbethoxypiperazine. 

The dicarbethoxypiperazine was prepared by the action in neutral or 
alkaline solution with piperazine and ethyl chlorocarbonate. It is usually 
isolated as the by-product in the preparation of 1-carbethoxypiperazine, 
the starting material for most of the compounds in TABLE 1. ; 

The 1-carbethoxy-4-phenylpiperazine was prepared by direct reaction 
of ethyl chlorocarbonate on 1-phenylpiperazine. 

No gain in activity was shown by homologous preparation; rather, 
activity decreases with the increasing radical size. Substitution of such 
solubilizing groups as the B-hydroxyethyl showed no advantages. 

Various compounds similar to 180-C were made, wherein the carbethoxy 
group was replaced by lower or higher carbalkoxy homologues. These 
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were prepared in the same manner as that outlined for 180-C, with the 
corresponding substitution for the alkyl chlorocarbonate. These com- 
pounds, tabulated in TABLE 2, show no enhanced activity but rather a 
decrease in activity. 


TABLE 2 
CH,—CH 
RNC s Yy-c00R, 
GH,—CHg 
Compound Ri R2 B.P. of base °C. Mm. Activity 

1 H CHs 112-116 7 — 
2 CHs CH: 116-121 (m.p.) — — 
3 CO2CHs CHs 163 11 
4 H n-CiH» 141-143 10 — 
5 CO2CuHo-n n-CuHy 205-208 10 — 
6 H iso-CsHo 138-142 13 —— 
i CO2C.H_-iso iso-CsHo 203-205 15 — 


Certain 1-alkylpiperazines have been made by Baltzly” by the alkylation 
of 1-benzylpiperazine in the 4 position with subsequent removal of the 
benzyl group by catalytic hydrogenation. A more indirect procedure has 
been used by Prelog and Stepan? for the preparation of 1-methyl- 
piperazine from 1-methyl-4-phenylpiperazine. Moore, Boyle, and Thorn! 
obtained 1-ethylpiperazine from the hydrolysis of 1-carbethoxy-4-ethyl- 
piperazine in concentrated hydrochloric acid. We have used this latter 
method for preparing the l-alkylpiperazines reported in TABLE 3. 


TaBLe 3 
pe = 
RNS Pai 2 
CH,—CHg 
Com- B.P. of M.P. of 
pound R, Re base °C. Mm. base HCl °C. Activity 
vel CHs H 134-136 760 82.5-83 a 
2 CH; CH; 131-133 760 251.5-253 (dec.) — 
3 CH; CH»CH2N (CH) — — 262-264 = 
4 C:H; H 155-158 760 — --- 
5 «tso-CsH; H — — 274-275 (dec.) — 
6 CoHs H 161-164 — 245-247 ob 
i 


C.Hs CHs 130-131 — 180-182 (dec.) — 
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The 1,4 dimethylpiperazine was prepared by the reaction of piperazine 
with formaldehyde and formic acid. This mode of methylation was also 
used for large-scale preparation of 180-C. 

The 1-methyl-4-@-dimethylaminoethyl piperazine was prepared by the 
interaction of methylpiperazine and B-dimethylaminoethy] chloride. None 
of these compounds showed appreciable activity. 


TABLE 4 
M.P. of 
Com- base HCl Ac- 
pound Miscellaneous B.P.ofbase°C. Mm. °C. _ tivity 
CHy—CHa 
1 (cursoso-n v) CH, 61.5-62.5 (m.p.) aie 
CH, —CH, 2 
a 
N 
oN a’ 
CH, CH, CH, CH, 
2 | | 80-80.5 — 
CH, CH, CH, CH, 
" " 
COOC,H, CO0C,H, 
ite ee, 89-90.5 (m.p. — 
3 (onus a 
CH,—CH/ 2 
CH,— CH, ise 
; und ate 310-31 
SoHo 
CoH, CoH, 
Gris ote 127-129 
5 HyC20,6—NC ye 3 a 
SH CHe 
CH, 
CH,—CH 
6 H,C,0,G—N "\n—cooces 173-175 16 + 
CH—CHy 
CH, 


ee ee eee 
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In TABLE 4 are listed several miscellaneous compounds that are com- 
binations of types represented by the preceding tables. 

The bis (1-carbethoxy-4-piperazyl) methane and 1,2-bis (1-carbethoxy- 
4-piperazyl) ethane were prepared by reacting methylene bromide and 
ethylene bromide respectively with 1-carbethoxypiperazine in alcohol, 
with sodium bicarbonate. The 1,1’-sulfonyl-bis(4-methylpiperazine) -was 
synthesized by the reaction of sulfuryl chloride and methylpiperazine in 
cold chloroform solution. 

The 2,3-diphenylpiperazine was prepared by the catalytic reduction 
of 2,3-diphenyl-5,6-dihydropyrazine which was prepared by Mason‘ by 
reacting ethylene diamine with benzil. 

The active compound in TABLE 4, 1,4-dicarbethoxy-2-methylpiperazine, 
was prepared in the same manner as the non-nuclear substituted com- 
pounds shown in TABLE 1. 

The 2-methylpiperazine was prepared by the reaction of the disodio 
derivatives of N,N’ ditosyl propylenediamine with ethylene bromide fol- 
lowed by an acid hydrolysis. 


TABLE 5 
— CH, 
R aon ‘ Nye 
ie 
CH,— CH, 
B.P. of M.P. of 
Compound Ri Re base °C. Mm. HCl °C. Activity 
1 GHsOOC- HN = C_NH. 171* + 
| 

2 HN=C-NH HN=C_NH, 300* _ 
3 C.HOOC- -N=O 180-183 14 — 
4 CH;sOOC- —-NH: 190-191 — 
5 CHOOC- —CONH; 1oi-161 5a 
Gm CEH.— —CONH: 189-190 — 
ee Cs —CSNH: 131-132 — 


ee 


*M.p. of sulfate. 


; Inasmuch as the synthesis of a new and more active filaricide, greater 
in activity than 180-C, could not be found in transformations of alkyl and 
carbalkoxy groups, other acid derivatives were sought. The compounds 
listed in TABLE 5 contain these transformations. 1-guanyl-4-carbethoxy- 
piperazine, which showed some activity, was prepared by the interaction 
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of 1-carbethoxypiperazine with methylisothiourea. The diguanyl pipera- 
zine® was formed by using the free base in the same reaction. 


1-Nitroso-4-carbethoxypiperazine was synthesized by the action of 
nitrous acid and 1-carbethoxypiperazine. The nitroso compound could 
then be further reduced by zinc and acetic acid to give the corresponding 
amino compound. 


The amides and thioamide were prepared by the action of potassium 
- isocyanate and thiocyanate, respectively. 


Although negative results as regards activity were obtained in the 
preparation of these acid derivatives, it was our belief that, if we increased 
their fat solubility while still maintaining their water solubility, we would 
obtain a highly active compound. 


TABLE 6 
a ee 
RNC pee 
CH,—CH; 
Com- B.P. of M.P.of Ac- 
pound Ri Re base °C. Mm. HCI1°C. tivity 

1 CGHsOOC- —CON (C2Hs) 2 163-167 3 —= 
2 —CON (CHs)2 144-146 15 
3 H- —CON (C2Hs) 11325-115,5 3 147-151. — 
4 H- —CON CH(CHs)22 146 9 — 
5 H- —CON (n—CiHo)s 158-162 5 — 
6 H- —CON (i-C;Hi) 2 200-202 35 = 
7 


(CsHs)sNOC- -—CON(C:Hs)s 174-178 2  55.7-56 


This was accomplished by alkylating the amide. In TABLE 6 are listed 
the carbamy]l derivatives that were inactive. They contain no alkylation 
in the 4 position. 

These compounds were prepared in the same manner as 1-diethyl- 
~ carbamyl-4-methylpiperazine. This latter compound (Hetrazan) _and 
1-dimethylcarbamy]-4-methylpiperazine, shown in TABLE 7, are highly 
active, and the former (Hetrazan) was clinically tested. Its synthesis is 
as follows. 

Diethylcarbamyl chloride (VI) is treated in a modified Schotten- 
Baumann manner with piperazine (II) to give 1-diethylcarbamylpipera- 
zine (VII). This compound is then methylated by means of formaldehyde 
and formic acid to give 1-diethylcarbamyl-4-methylpiperazine (VIII). 
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TABLE 7 
GH. —CHs 
RNG : \NRe 
CH,—CH 
Com- B.P. of M.P. of Ac- 
pound Ri R2 base °C. Mm. HCl °C. tivity 
1 (Clee —CON(CHs)2 180-181 t+ 
2 (Ws —CON C:Hs 177 (dec:) + 
H 
3 CH —CON (C:Hs)2 1O85=111 939 156:5-157 ++ 
4  (CHs —CON CH(CHs)e 200-203 + 
5 GHs —CON (n—C:He) 2 151-152 = 
(3), ~ (Sigh —CON-C.Hs 126-130 — 
H 
i (Glee —CON-—CH:—C.Hs 188-192 — 
H 
ie BNA A 
SG mO@Hs ace N es 303-304 — 
0 CH,—CH, 
CHe—CHa 
9 CHs = ae, fo) 178-179 17 52-55 ** + 
fe) CH.—cH/ 
10) OAR —CON (C:H;) 2 16 =206-208.5 — 
** M.p. of free base. 
CoH fe) CH,—CH 
yo dat + NZ ; ate. Re oN. . ts 
C,H Nagin -C—-N 
ete CH,—CH, Se cH oe 
w 1 
Bult 
CH,—CH, oO C.H 
es Se CHs— ne pyar A 
CH,—CH/ \osHy 


Compounds 2 and 6 were prepared by the direct reaction of the 
corresponding isocyanate with 1-methylpiperazine. 

The synthesis of 1-benzylcarbamyl-4-methylpiperazine was effected by 
a modification of the procedure of James® wherein the benzoate of phenyl 
acethydroxamic acid (IX), when heated with aqueous alkali, gives 
symmetrical dibenzylurea (XT) presumably through the snitrined: ne 
benzyl isocyanate (X). Instead of heating the benzoate with alkali, 


KUSHNER ET AL.: CHEMISTRY OF PIPERAZINES v7 


2 moles of 1-methylpiperazine are added; 1 mole causes the intermediate 

formation of the isocyanate, which immediately reacts with the remaining 

1-methylpiperazine to give the desired 1-benzylcarbamyl-4-methylpipera- 
zine (XIT). 


CH—CH ° 9  CH—CH — 
VA XQ n H i CH—CH 
Hot So GH, -E-N—0-6— C6 Sou a HC \o—ch,—N=0=0 
CH=CH CH=CH CH=CH” 
4 ba x 
CH,—CHy CH GH) 6.0 cCH—CH 
| 
oe CHN a ss CH3—N yb Nou 
CH,—CH, CH,—CHy CH=CH” 
x 
‘CH—CH CH—CH 
gp \ H H Wi \ 
= + 4H,O Ho? G—CH,—N—CG—N—CH,—Co Nou 
CH=CH” CH=CH 
x 
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PARASITOLOGY OF PIPERAZINES IN THE 
TREATMENT OF FILARIASIS 


By R. I. Hewrrt, D. E. Wutre, 8S. KusHNER, W. S. WALLACE, 
H. W. Stewart, AND Y. SuBBAROW 
Lederle Laboratories Division, American Cyanamid Company, Pearl River, N. Y., 
and Calco Chemical Division, American Cyanamid Company, Bound Brook, N. J. 

Previous studies on the filaricidal properties of various drugs in naturally 
acquired infections with Litomosoides carinii in cotton rats, Dirofilaria 
immitis in dogs,=? and Wuchereria bancrofti in human patients® ® have 
been confined largely to organometallic compounds. With the exception 
of certain cyanine dyes,* no chemical compound not containing antimony 
or arsenic has been shown to produce marked filaricidal activity in any 
of the above hosts. Moreover, the above classes of compounds produce 
their maximum effects when administered parenterally. 

During the course of a screening program for filaricides in these labora- 
tories, using cotton rats naturally infected with Litomosoides carinii as test 
animals, marked activity was found with a number of piperazine com- 
pounds. The most active members of the series studied produce filaricidal 
effects in cotton rats quite different from any other known group of 
compounds, in that (1) an immediate reduction in microfilariae occurs 
following the first dose, (2) the adult worms are killed slowly, after pro- 
longed treatment, and (3) oral administration is equally as effective as 
parenteral administration. Subsequent investigations showed that these 
effects could be carried over to Dirofilaria-infected dogs, and to human 
patients infected with Wuchereria bancrofti. 

The results obtained in cotton rats and dogs with various piperazines, 
and in particular with 1-diethylcarbamyl-4-methylpiperazine hydro- 
chloride (Hetrazan), form the subject of this paper. The general pro- 
cedures used for studying the action of chemical compounds in cotton 
rats and dogs have been discussed previously. 


Types of Piperazines Studied. The first piperazine compound 
found to produce a measurable effect against Litomosoides carinii was 
1-carbethoxy-4-methylpiperazine hydrochloride. In intraperitoneal doses 
ranging from 6.25 to 200 mg. per kg. twice daily, this compound produced 
marked reductions in circulating microfilariae (TABLE 1). Oral doses 
within the same range were found to be equally effective against micro- 
filariae. Reductions as high as 95 per cent occurred in some animals on 
the first day after treatment was initiated, and were sustained as long as 
treatment was continued. Very little effect with this compound could 
be demonstrated against adult worms, however, particularly in early stages 
of the investigation, and a number of related compounds were therefore 
prepared by our organic chemistry division in order to determine whether 
the activity could be enhanced. 

The piperazine nucleus itself showed no activity, nor did any of its 
components. A carbethoxy radical in position “1”, with various substitu- 
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tions in position “4” produced a number of compounds with high micro- 
filaricidal activity (TABLE 2), and some which showed a suggestive effect 
against adult worms. As the alkyl chain was increased, however, the 
toxicity became greater and higher doses were necessary to produce 
measurable effects. 

The only compounds lacking the carbethoxy group which showed 
marked activity against microfilariae were 1-ethylcarbamyl-4-methylpiper- 
azine hydrochloride (182-L); 1-diisopropylcarbamyl-4-methylpiperazine 
hydrochloride (177-L); 1-dimethylcarbamyl-4-methylpiperazine hydro- 
chloride (152-L); and 1-diethylcarbamyl-4-methylpiperazine hydrochlo- 
ride (84-L). The latter two compounds are considered as the most active 
of the piperazines yet tested. 

A relatively large number of piperazines (approximately 21 per cent) 
of the 126 tested thus far have shown measurable effects against the 
microfilariae. An exhaustive study of all active members of the group 


TABLE 1 


MIcROFILARICIDAL EFFECT OF Four PIPERAZINE COMPOUNDS IN 
Common Rats 


Dose 
N intra- Microfilariae per 100 fields 
oO: perito- days during treatment 
Name eal ys during 
mg./kg 
bards 1 9 3 4 5 6 7 
162-C! 1-Carbethoxy- 25 180 6 4 6 6 8 6 
cane. 50 652 | 252 96 18 14 14 12 
Hydrochloride 100 1,360 84 8 10 4 6 6 
180-C]1-Carbethoxy-4- 6.25| 430] 190 56 | 250 52 8 22 
methylpiperazine| 12.5 a : a oy = 22 We 6 
drochlorid 20 ‘ 
“emus 50 384 40 22 12 4 0 4 
100 264 26 8 2 6 8 4 
200 168 12 2 1 1 4 0 
_-61-L| 1-Guanyl-4- 25 380 | 212 436| 272| 412] 304 
carbethoxypi- 50 388 68 18 4 24 6 
perazine 100 104 12 6 8 6 8 
Hydrochloride 
84-L|1-Diethylcarbamyl-| 1.5 480 | 400| 340] 270] 290) 210) 184 
4-methylpiperazine| 3.13 |1,220] 108 40 56 4 2 
aig Hydrochloride 6.25 | 600] 116 44 22 72 40 22 
12.5 180 64 8 8 8 8 
25 396 | 100 20 8 10 6 1 
50 476 76 22 13 12 2 3 
100 192 12 6 3 4 10 1 
2 2 1.630] 252] 590|1,560} 224 | 1,020 |1,180 
jeana eae "46| 20| 28| 18| 44) 40|° 72 


36 26 56 44 52 58 36 
40 60 88 22 40 24 56 
560} 212| 208| 184] 280) 244] 410 
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TABLE 2 
CoMPARATIVE MICROFILARICIDAL ACTIVITY AND Toxicity oF 18 PIPERAZINE DERIVA- 


TIVES IN Cotton Rats, Usine 1-DieETHYLCARBAMYL-4-METHYLPIPERAZINE 
HypRocHLoRIDE (HETRAZAN) AS A STANDARD 


Minimum 
effective 
dose LDs |Approxi- tees 
against Mice mate chanel 
No. Name micro- | mg./kg. |Hetrazan chen 
filariae |intraperi-| equiva- : 
peutic 
mg./kg. | toneal lent ader 
intraperi- 
toneal 
163-C | 1-Phenylpiperazine hydrochloride| 50 140 0.06 2.8 
162-C | 1-Carbethoxypiperazine hydro- 25 275 0.125 11.0 
chloride 
217-L | 1 Methyl-4-(4’-morpholine carb-| 12.5 ? 0.25 ? 
amyl) -piperazine hydrochloride 
180-C | 1-Carbethoxy-4-methylpiperazine 6.25 550 0.5 88.0 
hydrochloride 
59-L | 1-Carbethoxy-4-ethylpiperazine 50 175 0.06 3.5 
82-L | 1-Carbethoxymethylpiperazine 100 ? 0.03 5 
U-653 | 1-Carbethoxy-4-propylpiperazine | 25 87.5) 0.125 She 
hydrochloride 
147-L | 1-Carbethoxy-4-isopropylpipera- 25 100 O25 4.0 
zine hydrochloride 
U-655 | 1-Carbethoxy-4-butylpiperazine 50 125 0.06 200 
U-801 | 1-Carbethoxy-4-s butylpiperazine | 100 Oral 175 0.05 175% 
61-L | 1-Guanyl-4-carbethoxypiperazine | 50 285 0.06 5.6 
sulfate 
218-C | Bis-(4-carbethoxy-1-piperazine)- | 25 175 0.125 7.0 
methane 
169-C | 1,4-Dicarbethoxypiperazine 100 500 0.03 5.0 
76-L 1,4-Dicarbethoxy-2-methyl- 200 Oral S75) 0.025 1.9 
piperazine 
182-L | 1-Ethylcarbamyl-4-methyl- 6.25 2,250 0.5 360.0 
piperazine hydrochloride 
152-L | 1-Dimethylcarbamyl-4-methy]- 6.25 310 0.5 to 48.0 
piperazine hydrochloride 1.0 
177-L | 1-Diisopropylcarbamyl-4-methy]l- 6.25 160 0.5 25.6 
piperazine hydrochloride 
84-L 1-Diethylcarbamyl-4-methyl- Bats 285 1.0 91.0 
piperazine hydrochloride 


*LD50 determined by intra 


} peritoneal injections, and minimum effectiv 
administration. : e dose by oral 


has not been made. The selection of Hetrazan as the most promising 
of the derivatives made available was based upon the repeated marked 
effects obtained against microfilariae in low doses, lethal action against 


adult worms after continued dosage, and comparatively low toxicity. 
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Effect of Piperazines on Circulating Microfilariae in Cotton Rats. 
The first measurable effect produced by some piperazine compounds in 
filaria-infected cotton rats is the immediate and precipitous reduction in 
microfilariae. As illustrated in TABLE 3, a large proportion of the micro- 
filariae disappears after a single dose of 5, 10 or 25 mg. per kg. of 
Hetrazan, and similar effects are produced with related compounds. Oral 
treatment is as effective in rapidly reducing the microfilariae as is paren- 
teral treatment (TABLE 4). 

The amount of drug necessary to produce an immediate microfilaricidal 
effect varies with different piperazines. As demonstrated in TaBLe 1, 
50 mg. per kg. is necessary in the case of 1-guanyl-4-carbethoxypiperazine 
hydrochloride, whereas 3 mg. per kg. of Hetrazan will invariably produce 
a sharp reduction in microfilariae. This measurable difference in dosage 
response provides a quick, qualitative index of activity (TABLE 2) and has 
been used in the selection of the most active members of the series. 

During treatment with active piperazines, the microfilariae continue to 
remain at a very low level or disappear from the peripheral blood com- 
pletely (Tastes 5, 6, and 7). Following cessation of treatment, they may 
recur quickly, slowly, or not at all (TABLE 7). ‘The extent of recurrence 
is related somewhat to the amount and frequency of dosage, although no 
predictions can be made in this respect. No definite relationship exists 
between the recurrence of microfilariae and the height of the initial 
count (TABLE 7). 


TABLE 3 


RESULTS OF TREATMENT IN CoTTON RATS WITH HETRAZAN EVERY 2 Hours 
For 48 Hours 


Microfilariae per 100 fields Dead Se ee 

Rat | Dose : 3 ae 
No. | mg. |Before| 5 12 24 6 13 88 | None 

= th 

kg. ee. brs. | hrs. | hrs. | days | days 100% 65% 50% dead 

or) 25 | 248} -22.| 2 | 0 | 2-41..6 Xx 
£278) 25 156 3 0) 0 4 16 x 
1258 \8 25 320 22 0 0 0) 16 x 
1297 \) 29 964 24 0 0 0 18 xX 
1259) )) 25 664 40 3 1 6 30 x 
1266 | 10 676 8 8 2 + 12 dC 
1264} 10 248 8 0 0 0 16 x 
1267 | 10 748 52 14 1 2 48 xX 
1265 | 10 604 22 16 4 9 92 x 
1281 5 192 8 0 0 0 6 x 
1271 5 88 48 6 0 6 26 x 
1299 5 324 52 3 0 3 36 ss 
1258 5 380 | 204 14 6 4 38 : 
1279 5 176 16 2 0 1 46 . 
1291 5 276 4 20 0) 6 84 


OO OS ee eee SS 
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TABLE 4 


CoMPARISON OF THE MICROFILARICIDAL EFFECT OF INTRAPERITONEAL AND ORAL 
Doses or HETRAZAN IN Cotton Rats 


Microfilariae per 100 fields, days during treatment 


Dose 

Rat |mg./kg 

No b.i.d 1 2 3 4 5 6 7 14 
566 51 92 10 2) 2 4 4 6 4 
579 5I 36 14 1 1 1 0 0 4 
571 OF 76 8 14 24 22 8 1 1 
900 5O 48 12 4 2 1 0 1 0 
934 5O 228 14 0 10 3 2 4 2 
897 5O 248 26 22 A 8 io 8 8 
565 101 112 10 6 2 0 0 0 0 
583 101 100 52 8 5 22 10 8 6 
588 101 232 56 2 6 1 0 0 0 
927 100 44 20 14 6 6 0 2 2 
908 100 408 10 6 10 3) 2 1 0 
909 100 56 14 8 6 1 0 1 1 
567. | 25.1 364 20 1 3 1 2 2 1 
Gy) eas 692 20 0 0 4 4 0 1 
587 251 452 8 1 2 2 0 1 1 
895 | 250 72 3 0 0 0 0 0 0) 
940 | 250 168 8 0 0 0 0 0 0 
913 | 250 40 1 2 0 0 1 0 0 
I= Intraperitoneal; O = Oral. 

TABLE 5 


Corton Rats TREATED witH HETRAZAN IN WHICH Low EmsBryo Counts AT THE 
Timez oF AUTOPSY WERE ASSOCIATED WITH THE DEATH OF THE Majority oF 
ApuLT Worms 


Dose No. Microfilariae per 100 fields, days Day 
Rat mee | Cbs = of au- 
No. | kg.* |treated | 1 7 | 14 | 21 | 28 | 35 | 42 | 49 | 58 |107 topsy 
488 31 Ge 32) et 1 0 Oe 0 43rd 
629 SL 30 60 | 0 0 0 0 31st 
Chae Zoo 28 |108] 0 0) 0 hy 8 1 0 58th 
O99 25 E 28 64| 0 0 0 OO + 1 1 58th 
593 | 251 30 225180 0 0 Oxie2 1 44th 
624) 251 30 88} 0 2 1 Ones 4 44th 
1050 | 251 30 720 0 0 0 6 52nd 
1074} 251 30 11241 0 0 0 0 0 52nd 
547 | 250 30 26| 0 0 0 0 33rd 
925 e2D © 14 36} 0 0 Z|) C 1 42nd 
895| 250 14 UPA || 0 0 0 0} 0 0 42nd 
940] 250 14 |168] 0 O | 14 8 | 0 0 42nd 
637 | 250 14a) 156) |.0 0 1 0! 0 0 42nd 
1325 | 250 30 |140 (0) 0 |107th 
1368 | 250 30 56 0 0 |107th 
1453 | 250 30 36 0 3 |107th 
634; 500 28 56 | 0 0 0 Oy al 4 8 8 58th 
552 | 1001 30 36] O 0 0 0 33rd 


* Two or three times daily. 
I= Intraperitoneal; O = Oral. 
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TABLE 6 


aay Rats TREATED WITH HETRAZAN IN WHICH Low EmsBryo Counts AT THE 
IME oF AUTOPSY WERE ASSOCIATED WITH THE ABSENCE OF ADULT WorRMS 


ee 


} Ree ee Microfilariae per 100 fields, days ey 
Rat meme |e ae Pe ee 
No. kg.* |treated| 1 FON TAO 1s W280 35. | 42") 49) 10581107), topsy 
481 31 16 68 | 0 2 1 4 4 43rd 
543 xt Cpe VIP: 0 0 0 0 0 0 70th 
1402 | 250 30 |330 0 QO | 107th 
1406 | 250 30 |820 0 0 | 107th 
1409} 250 30° 31130 0 Q | 107th 
1418 | 250 30 124 0 0 |107th 
1425} 250 30 84 0 0 | 107th 
ote 20 ©) 30 |160 0 Q | 107th 
1540 | 250 30 1145 1 Q |107th 
1544 | 250 30 86 0 6 | 107th 
1533 | 250 30 96 0 Q | 107th 
1403 | 250 30 28 0 Q | 107th 
14:27) 250 30 |210 0 Q | 107th 
1414 | 250 30 14 0 0 | 107th 
611 | 500 28 44) 0 0 OF .0 0 0 0 58th 
529.) 500 30 16| 0 1 0 0 33rd 
623 | 500 28 WA ha 0) 0 0 30th 
* Two or three times daily. 
I — Intraperitoneal; O = Oral. 
TABLE 7 


~ Corron Rats TREATED WITH HETRAZAN IN WHICH Low EmsBryo Counts AT THE 
Time or AUTOPSY WERE ASSOCIATED WITH THE PRESENCE OF LivinG ADULT 
Worms 


Microfilariae per 100 fields, days 


Dose No. Day 
Rat mg. days of 
No. kg.* |treated| 1 7 | 14 | 21 | 28 | 35 | 42 | 49 | 58 |autopsy 
484 |, 3I 16 224) 8 | 6 7 0| O 36th 
486 Sak 16 236| 2] 0 0 1 0 36th 
487 ar 16 904| 6 | 4 | 16 | 24 | 64 0 58th 
480 [61440 15 46| 10] 1 1 2 0 0 49th 
908 | 100 14 408| 1 | 0 6 | 24 |;10) 8 42nd 
917 | 100 14. 41,260440) 1 OD=6 1 0 42nd 
548 | 251 30 184} 0] 0 OA Onis .0 35th 
921 | 250 14 eile ght, ae 2> "= 0 7b Nhe) 42nd 
Tow) 20-0 14 724 | te} 0 1 AS OMA 42nd 
1051" | 23,0 30 96; 1 |} 0 One OF e.0 0 52nd 
621 | 500 28 608| 0 | 0 OO 0 42nd 
p= 555 | 500 30 100)" OF 7 t 0 0 0 35th 


* Two or three times daily. 

I = Intraperitoneal; O = Oral. 

It will be shown, later, that Hetrazan produces a slow lethal effect 
against the adult worms in cotton rats. If all adult worms are killed 
or are sterile at the end of treatment, and the microfilariae have all been 
removed, recurrences in microfilariae following cessation of treatment will 
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certainly not occur. The presence of some living adult worms, or of 
worms which have not been totally affected by treatment with Hetrazan or 
other piperazine compounds, will be revealed in most cases by recurrences 
in microfilariae when treatment is stopped. 

The mode of action of piperazines against microfilariae is not known. 
Rat and frog microfilariae placed in high dilutions of several members of 
the series (1-1,000, 1-10,000) undergo contortion and spasmodic contrac- 
tion. The microfilariae of Folyella dolichoptera from Southern frogs 
demonstrate this effect better than those of Litomosoides. These are 
very long embryos with a narrow whip-like anterior end and a thicker 
posterior end. They contract immediately into a tight coil when placed 
in contact with piperazine solutions, and the same effect can be observed 
in the blood of frogs shortly after treatment has been administered. This 
observation, plus the fact that adult Litomosoides removed from rats in 
early stages of treatment show no demonstrable damage to the embryos 
in utero, seems to suggest that the piperazines act directly upon the micro- 
filariae in the peripheral blood. 


Effect of Hetrazan Upon Adult Worms in Cotton Rats. It was 
discovered early during the course of these investigations that the effect 
of piperazine compounds against adult worms in cotton rats at any given 
dosage was not predictable. Several of the compounds shown in TABLE 2 
killed some adult worms following various dosage regimes, but none were 
uniformly effective. It was decided, therefore, to choose the most effective 
derivative against microfilariae, and one with accompanying low toxicity, 
to test extensively against this infection, particularly for activity against 
the adult worms. Hetrazan (1-diethylcarbamyl-4-methylpiperazine hydro- 
chloride) appeared to possess the greatest microfilaricidal activity of the 
derivatives then available, and was selected for comprehensive study. 

Among the variables considered were the amount of drug given, fre- 
quency of administration, route of administration, height of the initial 
microfilaria count, and number of days elapsed from cessation of treatment 
to autopsy. It was found very soon that the route of administration, 
whether oral or intraperitoneal, made no difference in the results. 

Various dosage regimes were then administered, and in no case were 
the effects upon the adult worms definitely predictable, even though the 
majority of circulating microfilariae were quickly removed in each 
instance. As demonstrated in TaBLEs 5, 6, and 7, following treatment 
with various doses, some of the rats revealed the majority of worms dead 
or no worms whatever at autopsy, while in others all of the worms were 
living, even though recurrences in microfilariae to any large degree did 
not occur after cessation of treatment. In other cases (TABLES 8 and 9), 
varying percentages of adult worms were found at autopsy and recurrences 
in microfilariae following treatment occurred. 

The frequency of treatment, within certain limits, did not materially 
change the above effects upon adult worms. For example, rats treated 
every two hours for forty-eight hours (TABLE 3), although exhibiting very 
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rapid clearance of circulating microfilariae, did not reveal all dead adult 


worms at autopsy. 
The amount of drug given in a single dose has varied from 1.5 mg. 


per kg. to 200 mg. per kg. In general, doses of 10 mg. per kg. or higher 


produced more consistent results against adult worms than lower doses, 
although good effects were consistently obtained against microfilaria 
at 3 mg. per kg. 

Attention was then directed to the length of time elapsing between 
cessation of treatment and autopsy. In one series, as indicated in TABLE 8, 
rats receiving the same dosage revealed more dead worms when autopsied 
four weeks after cessation of treatment than when autopsied immediately 
after treatment. Accordingly, protocols were devised in an attempt to 
determine the ratio between optional periods of treatment and the per- 
centage of dead worms at various periods of time after cessation of 
treatment. Results from 37 rats treated three times daily with an oral 
dose of 25 mg. per kg. of Hetrazan, and then held seventy-seven days 
before autopsy, are given in TABLE 9. The results obtained are repre- 
sentative, in general, of the effect of Hetrazan against this infection at 
what is considered an optional dosage. 


TABLE 8 


RESULTS OF TREATMENT IN Cotton Rats witH Hetrazan Twice DAILy FoR 
4 WeeExs; AUTOPSIES ON THE 4TH, 6TH AND 8TH WEEK 


Ee ees pen 100 Gelde hy Sy |e arora at aatopsy 

Dose weeks of No 50 |Less 
Rat | mg. au- |worms| 100} to |than| None 
No. | kg. 1/2/13 !4 1516 |7 |8 |topsy /found| % |95%|50%| dead 
6231500} 52|}0 |0 |0 |0 Ath | X 
B61 1951 | 34\1 1/0 )1 |0 Ath x 
6001951 | 64/0 |3 {1 |0 4th x 
6061500) 52/1 )0 10 10 4th ne 
607 1500 | 108 | 2 | 90 {0 |0 4th x 
Sis e6t peo2 it 2 | f 14 4th xX 
619 |500)288|1 |1 |0 |0 4th > 
Soe 1951 |.2210 |0 1010 )-2) 1 6th Xe 
624/251 | 88'0 |2 |1 }0 | 3| 4 6th x 
5921251 | 5210 11 |0 {0 | 0 }14 6th xX 
620 |500/104/0 |1 13 |0 | 4 |10 6th xe 
621 |500/|608|0 |0 |0 |0 | 9| 0 6th ye 
626 |500 | 224/10 |0 |0 |1 | * |28 6th x 
611/500! 44/0 |0 |0 |0 | 0| 0) 0] O| Bth | X 
6341500] 56/0 |0 |0 |0 | 1| 4| 8| 8] 8th Soa 
616 1251 }152/1 |1|1 |0 | 5| 413 |72 | 8th xX 
59912951 | 64/0 |0 |0 |0 | 0| 4] 1] 1) 8th x 
618 |500| 68/0 |0 |0 {0 | 6| 6414 8th na 
590 1500/] 52/1 12 |0 |0 | 4 {12 28 18 | 8th xX 
617 1251 |108/0 |0 |0 |/1 | 0} 8) 1) 0| 8th xX 
608 |500/100|0 |1 |1 [0 [32 |22 |72 \68 | 8th xX 


I = Intraperitoneal; O = Oral. 
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It will be noted, in TABLE 9, that in most of the rats the microfilariae 
were reduced 100 per cent after two weeks of treatment, and that in the 
remainder the count was nearly negative. In 13 of the rats, the micro- 
filaria count remained negative after cessation of treatment, and at autopsy 
either all of the worms in these animals were dead or none were found. 
With one exception, the remaining animals in this series showed relapses 
in microfilariae of varying degrees after treatment was stopped, and vary- 
ing numbers of dead worms were found at autopsy. In only three animals 
were all the adult worms living. 


TABLE 9 


RESULTS OF TREATMENT IN CoTTon RATS WITH 25 MG. PER KG. OF HETRAZAN 
3 Times Dairy For 30 Days; AuTOPSIES ON THE 107TH Day 


WMierahlariad , Dead worms at autopsy 
Microfilariae per per cent differ- 
100 fields, days ence from No 50 | Less 
Rat |——~———_—— | original count, | worms | 100 to | than | None 
No. 1 15 107 107th day found} % | 95% | 50% | dead 
1406 | 820 0 0 ——100 xX 
1511 | 160 0 0 —100 ».4 
1540 | 145 1 0 —100 xX 
1553 96 0 0 —100 x 
1403 28 0 0 —100 x 
1421 | 210 0 0 —100 x 
1414 14 0 0 —100 x 
1402 | 330 0 0 —100 x 
1409 | 130 0 0 —100 x 
1418 | 124 0 0 —100 x 
1425 84 0 0 —100 x 
1325 | 140 0 0 ——100 x 
1368 56 0 0 —100 xX 
152 396.1 20 0 —100 x 
IMayisy (P aesYo) 0 14 —92.9 xX 
1453 36 0 3 —91.7 x 
1408 | 560 0 68 —87.9 x 
1474 | 410 0 56 —86.4 xX 
1434 | 370 1 48 —86.1 x 
1410 | 170 1 24 —85.9 xX 
1478 | 320 0 48 —85.0 x 
1539 | 200 1 36 —82.0 x 
1530 | 540 0 112 —79.3 xX 
1388 | 440 0 92 —79.1 x 
1536 | 440 1 96 —78.2 x 
1312 | 500 1 120 —76.0 xX 
1442 | 280 0 72 —74.3 x 
1508 | 740 0 390 —47.3 x 
1528 | 900 0 480 —46.3 xX 
1424 | 120 0 ip —40.0 x 
1419 | 340 0 260 —23.6 x 
1457 | 400 0 310 —22.5 x 
1498 | 260 0 220 —15.4 x 
1395 96 1 a2 +16.6 xX 
1444 | 320 0 420 +375 256 
1480 | 200 2 280 +40.0 x 
152559280 0 400 +42.9 xX 
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_ The above results demonstrate, as was indicated from earlier experi- 
ments, that Hetrazan produces a slow lethal effect against adult worms 
in cotton rats and does not affect all of them to an equal degree simul- 
taneously. Holding some of the rats listed in TABLE 9 for longer periods 
of time would probably have revealed larger numbers of dead worms, 
although it is not suggested that 100 per cent of the worms in all animals 
would eventually have died from the effects of the drug. The factors 
which control the percentage kill in individual animals undergoing like 
dosage with Hetrazan are not known. Various stages of death and dis- 
integration of dead worm tissue have been noted at different periods of 
time following cessation of treatment, ranging from motionless but other- 
wise normal-appearing worms to nearly completely decayed worm tissue 
enveloped in exudate. The complete absence of worms in some animals 
after long periods have elapsed from cessation of treatment to autopsy 
suggests that absorption of dead worm tissue eventually occurs. In some 
rats where no worms were found after treatment, fragments of what 
appeared to be cuticle were found singly or in small clumps in the pleural 
cavity. Their positive identification was, however, not possible. 

It has been mentioned previously that microfilariae may recur in the 
peripheral blood following cessation of treatment with Hetrazan or other 
piperazine compounds. As demonstrated in TaBLE 9, the degree of 
recurrence does not bear a direct relationship to the number of dead 
worms found at autopsy in every case. Rat 1512, for example, maintained 
‘a negative microfilaria count for seventy-seven days after treatment and 
no dead worms were found at autopsy. On the other hand, several of 
the rats in TABLE 9 which showed marked relapses in microfilariae after 
treatment, exhibited the majority of adult worms dead at autopsy. This 
emphasizes again that the first effect of Hetrazan is directly against the 
microfilariae. When treatment is stopped, the microfilaria count may be 
negative in the peripheral blood, but the adult worms have not as yet been 
damaged sufficiently to prevent the liberation of new microfilariae. When 
the adult worms die eventually, the microfilaria count may once again 
become quite high in the peripheral blood, and, since no more drug is 
present in the animal, the embryos may remain for long periods of time 
even after most or all of the adult worms are dead. The degree of relapse 
in microfilariae, therefore, is not indicative in every case of how many 
adult worms have been damaged by the drug, even after long periods of 

treatment. 


The Effect of Hetrazan on Dirofilaria immitis in Dogs. ‘The re- 
duction of microfilariae in dogs following intraperitoneal or oral treatment 
with Hetrazan is, in general, not so rapid as occurs in cotton rats. As 
demonstrated in TABLE 10, however, a very marked reduction usually 
occurs within one week’s time and, thereafter, the count remains low or 
becomes negative as treatment progresses. 

Although not as many dogs have been treated with Hetrazan as have 
cotton rats, the results obtained are substantially the same. Some animals, 
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Tasie 10 


EFFECT OF ORAL TREATMENT WITH HETRAZAN Turee Times DAILY ON 
Dirofilaria immitis 1x Docs 


Dose! No Microfilariae per 0.05 cc., days Nene 
| ———— mm | COD 
Ne ie cabs 1 | 7 | 14 | 21 | 28 | 35 | 42 |49 |56| 63 | 70 |record 
G93 (95% 101/135 14) 81 | 0 [2-0 R 
992 |25 | 21 |580| 65] 21] 8 R 
POP 95 | 23-4812 ON Oe On fel otto eee 1 ae 
joqelo5 N95) 9 Noor Me |= oof te oe tee ote 0 
196 625) 493-° | 4h TOON SS: | OM Oe Oren Ae 0 isG 
997.125 | 30 |406| sip 9| 1.| 4) 0) 3 ** 
996 125 | 30 | 61| 36| 44] 24 | 21 | 25 | 23 O 
oon ose 500) 87" Ol er) sae Dunezer aS O 
998 25 1 30°) 22)-°3| 9) aes | e4 O 
995 | 95~| 41 |.451 46) 12] 23 ).0)) 04 R 
1000 1251 441-30) cil Of Of ois) ace 00.0 Cen R 
999.95. 1 53 | 24h £1" Oo F254] Sa Oo Porta wed R 
962 |25 | 58 |235|265| 12/14 | 4) 26 | 16 | 5/11|134| 50 | * 
960 | 25 | 60.\734| 39.1 50] 12 | 274 20.4 18 20741 | (2) oalbes 
999 |95 | 64 17351 291° 0] OF 2 Lie) 2 2s ea ee 
991 |.95 | 64 1378" 19 | 1] “OS “yon eae oda * 
2595| 359 Oi 252d 17 ae 7a B30 ues * 
261¢| 50 | 27 |209| 58|124]| 88 | 75 | 43 ** 


R= Returned to owner, not autopsied. 
O=No worms found. 

* == All worms alive. 
** — Some or all worms dead. 

} = Twice daily. 


particularly those with high initial microfilaria counts (997, 260, 222, 261) 
responded very well to treatment (TABLE 10). The microfilariae were 
sharply reduced, and upon autopsy dead worms in various stages of 
disintegration were found in the pulmonary artery within the lung. These 
animals improved in physical condition up to the time of autopsy and, to 
all intents, were cured of their infections. 

Other dogs, however, as illustrated in TABLE 10, showed marked reduc- 
tions in microfilariae but no dead worms at autopsy. 

The absence of adult worms at autopsy in dogs following treatment 
has not been considered conclusive proof that an effect against micro- 
filariae was obtained. In contrast to cotton rats, some untreated dogs 
which show circulating microfilariae reveal no adult worms at autopsy 
in the heart or lungs. No explanation is offered for this situation, but it 
does occur and must be taken into consideration when evaluating filaricidal 
activity in dogs. 

Unfortunately, five of the dogs included in Taste 10 could not be 
brought to autopsy, since their owners requested their return after treat- 
ment. The success of treatment in four of these dogs, as measured by 
the reduction in microfilariae, was good, but no conclusions can be drawn 
relative to the fate of the adult worms. 
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The data obtained from dogs, thus far, indicate that Hetrazan may 
prove useful in the treatment of heartworm infestations, particularly in 
dogs with initial high microfilariae counts. It is well tolerated in thera- 
‘peutic doses (25 mg. per kg. orally). 


Comparison of Hetrazan With Other Filaricides in Cotton Rats 
and Dogs. The piperazines, and Hetrazan in particular, are the only 
filaricides which have been shown to produce an effect in cotton rats and 
dogs when administered orally in well tolerated doses. Hetrazan differs 
from antimonials,! 2? arsenicals,® and the cyanine dyes* in its effects, 
in that the microfilariae are attacked immediately and the adult worms are 
killed slowly. The antimony derivatives thus far shown to be effective 
in cotton rats,! 2 3 have been administered in high parenteral doses and 
kill the adult worms without affecting the microfilariae per se. Similarly, 
the cyanines* and p-[bis- (carboxymethylcapto) -arseno]-benzamide affect 
the adult worms quickly without reducing the microfilaria. count. 

In filaria-infected dogs, Fuadin is claimed to kill a large proportion of 
the adult worms,’ and Otto and Maren’ have demonstrated that 
p-[bis- (carboxymethylcapto) -arsino]-benzamide will also kill adult Dzro- 
filaria. 

Although Hetrazan does not kill adult worms as quickly as any of the 
above mentioned compounds, the end results obtained in many animals 
are essentially the same, in that the microfilariae are eventually killed. Its 
additional advantages are that it is effective orally, is highly micro- 
filaricidal, and is well tolerated in therapeutic doses. In cotton rats and 
dogs, its disadvantages are that it must be administered frequently and for 
relatively long periods of time, and its effects against adult worms in these 
animals are not 100 per cent predictable. 


SUMMARY 


Data are presented to illustrate the filaricidal effects of various piperazine 
compounds, particularly 1-diethylcarbamy]-4-methylpiperazine hydro- 
chloride (Hetrazan) in cotton rats and dogs. In cotton rats, a number 

of piperazines produce immediate and sharp reductions in circulating 
microfilariae when administered intraperitoneally or orally. Relapses may 
or may not occur after cessation of treatment. 

Hetrazan is also effective against adult filariae in cotton rats and dogs. 
The optimal dosage appears to be 25 mg. per kg. administered orally, three 

~ times daily, for thirty days. In some animals, all of the adult worms are 
eventually killed, while in others only a partial kill is obtained. 

A comparison of the effectiveness of Hetrazan with various other filari- 
cidal compounds is given. 
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SOME TOXICOLOGICAL AND PHARMACOLOGICAL 
PROPERTIES OF 
1-DIETHYLCARBAMYL-4-METHYLPIPERAZINE 
HYDROCHLORIDE, HETRAZAN 


By B. K. Harnep, Raymonp W. CunNINGHAM, SYBELLA HALLipay, 
R. E. Vessey, N. N. Yupa, Mary C. Ciark, anp Y. SussAROW 


Lederle Laboratories Division, American Cyanamid Company, Pearl River, N. Y. 


Some of the pharmacological properties of a new filaricide shown by 
Hewitt and coworkers 2 to be highly active against naturally acquired 
infections have been studied in seven species of laboratory animals. The 
compound, 1-diethylcarbamyl-4-methylpiperazine hydrochloride, also re- 
ferred to as Hetrazan and 84L, has a molecular weight of 234.6? and 
possesses the following structural formula: 


BoK 
—— O CoH 
oN oane 
CHa—NC Dyn -HOL 
He He 
It is a colorless crystalline solid highly soluble in water. The pH of a 0 


per cent solution is 4.1. In these experiments, however, the solutions were 
always adjusted to pH 7.4. 


RESULTS 
Acute Toxicity 


SIncLE Doses. Mice and Rats. The dose-effect relations have been 
determined in albino mice and rats after oral, intraperitoneal, and intra- 
venous administrations. TABLE 1 summarizes the data from 238 mice 
and 260 rats. Values for the L.D.50 in mg. per kg. were: orally, mice 660, 
rats 1380; intraperitoneally, mice 248, rats 465; intravenously, mice 82, 
rats 150. The 19/20 fiducial limits are narrow and the slopes of the 
__ mortality curves are steep. Toxic doses produced convulsions which were 
predominantly tonic. The convulsant dose, however, was considerably 
below the fatal dose. 


Guinea Pigs, Rabbits, and Cats. The upper limits of tolerance were 
determined only in mice and rats; nevertheless, in other species, rather 
large doses failed to produce serious reactions. ‘Ten guinea pigs given 
50 mg. per kg. intraperitoneally showed no symptoms. No objectionable 
reactions were observed in 15 rabbits given 100 mg. per kg. by the same 
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route. Twenty-five mg. per kg. given intraperitoneally to 6 cats and 
50 mg. per kg. given to 3 cats caused vomiting in six to ten minutes. The 
only other symptom noted was slight drowsiness. 


_ Dogs. Serious reactions were not observed in unanesthetized dogs which 
had received 100 mg. per kg. orally or intraperitoneally, or 25 mg. per kg. 
by rapid intravenous injection. Some of the symptoms produced by 
graded doses of 84L in 38 unanesthetized dogs have been recorded in 


¥ 


TABLE 2 


Toxiciry or 84L 1n UNANESTHETIZED Docs 


Symptoms{ 
No. of Dose Route of Respiratory Shiver- 
dogs mg./kg. | administration | Nausea | Emesis stimulation ing 

11 5 intravenous} 1 1 11 0 
2 10 intravenous} 2 0 
4 20 intravenous} 3 2 4 0 
1 25 intravenous} 1 1 1 

1 50 intravenous} 1 1 1 rita 
Zs 100 intraperitoneal 2 2 2 
5 50 orals* 4 3 uf 
12 100 oral** 8 8 1 
1 200 oral** 1 1 


+ The intravenous injections were completed within one minute. 
+ Numbers indicate the dogs affected. 
* These dogs were given 100 mg./kg. twice daily for two days. 
** Dogs were fed two to five hours before dosing. 
*** Severe muscular tremors. 
Respiratory stimulation lasted about one minute. 
Shivering lasted from thirty to sixty minutes. 
Vomiting was never accompanied by continued retching and malaise. 
Recovery was excellent in all dogs. 
TABLE 2. If reactions occurred, they were, in order of frequency, nausea, 
emesis, and muscular tremors. These tremors closely approximated those 
of a dog shivering from a low temperature. In addition to the above 
reactions, the intravenous injections produced a stimulation of the respira- 
tion which lasted from one to three minutes. Oral doses of 50 mg. per kg. 
“and above frequently produced emesis, but the presence of food in the 
stomach decreased the incidence. Oral doses of 25 mg. per kg. 


administered with food were always retained." 


Mututiete Doses. Since Hewitt’s antifilarial data® * indicated the 
_necessity for frequent administration of 84L, it was desirable to study the 
rate of its destruction or excretion. For this study, experiments were 
designed to give rats and mice repeated injections at a rate which barely 
exceeded the capacity of the animal to eliminate the compound. The 
criteria were the incidence of convulsions and the percentage of mortality. 
In rats, the intraperitoneal L.D.50 was 465 mg. per kg.; therefore, in the 
tolerance studies, a single intraperitoneal dose of 300 mg. per kg. was 
given at zero hour with additional 100 mg. per kg. doses at hours Deuces 
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5,6, 7, and 8. The total dose for the period was 1000 mg. per kg. which, 
if given at one time, should have produced a mortality of 98 per cent. 
The observed mortality of the initial dose of 300 mg. per kg. was 31 per 
cent, while the succeeding doses increased this value only 5 per cent. 

The incidence of convulsions provided a delicate indicator of the rate 
of elimination of the compound (FicurE 1). At 300 mg. per kg., 100 per 
cent of the animals convulsed, but after an interval of two hours an 
additional dose of 100 mg. per kg. produced no convulsions. The inci- 
dence after the third and fourth doses was 9 per cent in each case, and, 
after the eighth dose, 45 per cent. Although the total dose given to these 
rats amounted to 1000 mg. per kg., no increment subsequent to the initial 
dose produced convulsions in all of the rats, which would have been the 
case had the concentration of 84L risen to 300 mg. per kg. Thus, it 
appears that under the above conditions the rat is capable of eliminating 
approximately 100 mg. per kg. per hour. 


GROUP | GROUP 2 
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THE CONVULSANT EFFECT IN RATS OF MULTIPLE INTRAPERITONEAL DOSES OF 84L 


+ 
fo} 


INCIDENCE OF GONVULSIONS IN PER CENT 


° 


Ficure 1. The incidence of convulsions durin i i i 

fe in g cumulative d iteri 
the rate of elimination of the compound. There were thirty-teo oe roe 4 pia for 
in group II, ranging in weight from 200 to 250 grams. p lan irteen 


Obviously, the validity of this calculation rests on the assumption that 
the rat does not become resistant to the convulsant action of the compound 
This question has been answered by the data on Group II in Taste 3. 
In this series, the original dose of 300 mg. per kg. was repeated after 4 hours 
The incidence of convulsions was again 100 per cent and the mortality 
22 per cent. When additional doses of 150 mg. per kg. per hour wee 
given on the fifth, sixth, and seventh hours, the incidence of the convulsions 
rose from 43 per cent on the fifth hour to 71 per cent on the seventh. 


\ 
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These data show that rats do not become resistant to the convulsant 


~ action of 84L. 


A similar experiment on mice has yielded data on the same order. 
Thus, the administration of four times the L.D.99 over a period of 8 hours 
produced in mice a total mortality of 27 per cent (ricuRE 2). The rate 


of elimination in mg. per kg. per hour appeared to be greater in mice 
than in rats. 


TABLE 3 


Tue Errects or MuttipLe INTRAPERITONEAL Dosres oF 84L REPEATED AT 
Sort INTERVALS TO RATS 


Interval sub- Dose, mg./kg. pee 
sequent to IOUS TOG cece ay aaa REE tee Mortality 
initial dose injected Single Cumulative per cent per cent 
hours 
0 45* 300 initial dose 100 31.1 
Group I** 

2 22 100 400 0. 0. 

3 22 100 500 9.1 4.7 

4 21 100 600 9.5 0. 

5 21 100 700 19.0 OE 

6 21 100 800 4.7 0. 

ti 21 100 900 28.6 0. 

8 11 100 1000 45.5 0.7 

ener eee es ee ee ee ee eee 
Group II 
ee  EIE EE EEE 

4 9 300 600 100 222 

5 7 150 750 43. 0. 

6 7 150 900 43. 0. 

7 7 150 1050 71.4 42.8t 


Range of weight in grams: 200 to 250. 
* The survivors were divided into two groups, I and Il. 
** Combined results of a group of 10 and a group of 12 dosed on different days. 
+ Twenty-four hours later, all survivors were in good condition. 


Etherized dogs tolerated 60 to 70 mg. per kg. of 84L given intravenously 
during a period of one hour. Dog No. 548 readily tolerated ten 9 mg. 
per kg. doses during a period of 90 minutes, and dogs Nos. 546 and 547 
each received seventeen 5 mg. per kg. doses in 80 minutes without 
endangering the respiration. Dog No. 549 (TABLE 7) tolerated seven 
10 mg. per kg. doses during a period of 60 minutes but developed 
respiratory failure when the eighth dose was given on the seventieth 
minute. This dog was maintained without difficulty on artificial respira- 
tion. Dog No. 540 received four 20 mg. per kg. doses in 40 minutes. The 
fifth dose which brought the total to 100 mg. per kg. in 52 minutes 
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produced respiratory failure. Artificial respiration maintained this ek 
in a satisfactory condition and 20 minutes after the fifth dose oe er 
injection of 20 mg. per kg. was made without producing circulatory fai K; 

Unanesthetized dogs have been given 100 mg. per kg. intraperitoneally 
twice daily for 2 days without producing symptoms more severe ee 
vomiting and mild muscular tremors (TABLE 2). One hour after the 
injections, the animals appeared normal. 
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200 248 310 200 300 450 600 750 900 1050 1200 1350 
REFERENCE DOSE MGM./KGM. CUMULATIVE DOSE 


THE EFFECT IN MICE OF MULTIPLE INTRAPERITONEAL DOSES OF 84L 


Ficurp 2. Reference doses represent single injections. Death from these single injections 
usually occurred within thirty minutes. There were thirty mice in the multiple-dose series. 


Chronic Toxicity 


Rats. The intraperitoneal injection of 100 mg. per kg. of 84L, 5 days 
per week for 18 weeks, did not affect the rate of growth or produce any 
unfavorable reactions in male rats (FiIcuRE 3). The control and dosed 
groups each started with 20 animals. After 18 weeks, there were 15 in 
the control and 14 in the dosed group. At the end of the series of doses, 
the mean hematological findings on 10 rats from each group were: (1) 
hemoglobin in grams per 100 cc., controls 13.1, dosed 13.5; (2) red blood 
cells per cu.mm., controls 8.3 million, dosed 8.7 million; (3) white blood 
cells per cu.mm., controls 14.4 thousand, dosed 19.3 thousand; (4) 
lymphocytes, controls 61 per cent, dosed 79 per cent; (5) neutrophiles, 
controls 34 per cent, dosed 19 per cent; (6) eosinophiles, controls 3.7 per 
cent, dosed 1.0 per cent. The pathologist, Dr. F. I. Dessau, reported that 
there were no differences between the groups. 


Rabbits. A group of 15 rabbits was given, intraperitoneally, 50 mg. 
per kg. for 15 weeks. The growth of the group was not significantly 
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modified (FIGURE 4). During the period, 4 animals died in the control 

group and 7 in the dosed, but the distribution of deaths does not suggest 

that they were due to chronic effects of the drug. After 66 doses during 

99 days, the hematological data revealed no difference between the 
control and dosed groups. The average results for the groups were: 
(1) hemoglobin in grams per 100 cc., controls 11.1, dosed 11.0; (2) red 
blood cells per cu.mm., controls 6.1 million, dosed 5.8 million; (3) white 
blood cells per cu.mm., controls 8.6 thousand, dosed 10.3 thousand; 

- (4) lymphocytes, controls 69 per cent, dosed 70 per cent; (5) neutrophiles, 
controls 28 per cent, dosed 26 per cent. 


Dogs. Hewitt’ has never observed any evidence of chronic toxicity in 
a large series of dogs. Five of his dogs were given, intraperitoneally, 50 mg. 
per kg. twice a day for 13 days, and 2 animals in his series were dosed 
orally with 25 mg. per kg. three times a day for 64 days. At the end of 
the period of dosing they were sacrificed and examined by the pathologist, 
Dr. F. I. Dessau. Again, his findings were negative. 


148 ANNALS NEW YORK ACADEMY OF SCIENCES 


Chicks. Robbins’s observation? that 2,4-dinitrophenol produced 
cataracts in the eyes of chicks prompted us to subject 84L to a similar 
test. A group of eighteen 3-day-old White Rock chicks were divided 
equally into three balanced groups. Group one received a diet which 
contained 0.25 per cent 84L, group two, 0.25 per cent 2,4-dinitrophenol, 
and group three, normal diet. Chicks on 2,4-dinitrophenol developed 
cataracts during the first 24 hours. The chicks in group one were con- 
tinued on the 84L diet for 15 days, and there was never any evidence of 
changes in the lens. At the end of the experiment the lenses were sectioned 
and the pathologist, Dr. E. Woll, reported that they were normal. The 
chicks fed 84L grew at the same rate as the controls in group three, and 
in appearance the individuals of the two groups were indistinguishable. 
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Miscellaneous Observations 


General Behavior. Intraperitoneal doses of 50 mg. per kg. to deat 
cats, rats, and rabbits produced few symptoms. The dogs and rats welt 
more sensitive to loud noises, but approximately 30 minutes after the 


rs 
= 
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injections many of the animals in all of the species tested appeared to 
be more quiet than usual. However, they were not asleep and responded 
normally to external stimuli. 


_ Local Anesthesia and Irritation. Intracutaneous injections of 0.1 cc. 
doses of 1.0 per cent 84L in guinea pigs gave no evidence of local anesthesia 
or irritation. Likewise, repeated application of this concentration of the 
compound to the eyes of cats gave negative results. 


Isolated Intestine. ‘The activity on isolated rabbit ileum is of a low 
order. Concentrations of 1:100,000 in Tyrode’s solution were required 
to give a perceptible relaxation of normal or spastic strips. It produced 
no effect on the guinea pig intestine. 


Isolated Uterus. In concentrations of 1:100,000, 84L produced no 
effect on the isolated uterus from the rabbit or the rat. Virgin guinea pig 
uteri responded with weak contractions to a 1:100,000 concentration. In 
lower concentrations, the response was barely perceptible or absent. 


Antihistaminic Action. The antihistaminic action on the guinea pig 
ileum was barely detectable, and amounted to 1/2000 to 1/10,000 of the 
activity of some of the clinically used compounds. Ten guinea pigs were 
injected intraperitoneally with 50 mg. per kg. of 84L and 30 minutes 
later were subjected to a standardized spray of histamine. Nine animals 
convulsed in 3 minutes and of these 1 died. One guinea pig withstood 
the spray for 10 minutes with no symptoms other than dyspnea. A retest 
of this guinea pig one and one-half hours after 84L produced convulsions 


TABLE 4 


Errect oF 84L on THE BLOop SuGAR oF ADULT MALE Rats 


Hours after 84L 
Control 1 2 
Intraperitoneal : 
; Weight dose of 84L ‘True’ sugar in terms of mg. of 
“Rat No. grams mg./kg. glucose per 100 cc. of blood 
1 204 250% 88 104 88 
2 202 250% 89 116 91 
3 192 50 71 77 72 
J 4 202 50 76 ddl 67 
5 206 25 80 79 74 
6 220 25 89 74 Hil 
7 212 0 89 76 do) 
8 202 0 84 Ul 79 
9 186 0 77 1S) 73 
10 182 0 82 68 67 


Rats were fasted sixteen to seventeen hours, 
* Muscular tremors were observed. 
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in 7 minutes. A group of ten control guinea pigs all convulsed in 3 min-— 
utes and 3 died. From these data, we conclude that 84L does not” 
exaggerate the action of histamine but exerts little protection against it. 


Eye. Six cats were given, intraperitoneally, 25 mg. per kg. and three, 
50 mg. per kg. of 84L. No evidence of myosis or mydriasis was observed. 
The local application of a 1.0 per cent solution produced no change in 
the pupil. 


Blood Sugar. In subconvulsant doses, 84L had no effect upon the 
blood sugar (TABLE 4). 


Diuretic Action. By the Lipschitz rat assay,° the diuretic potency is 
17.5 times that of urea or about one-half the effectiveness of caffeine. 


Analgesia. In rats, the compound produced evidence of a mild 
analgesia. The action was less than that produced by aminopyrine. 


Miieles. 


FicurE 5. Typical record of respiratory movem : 
Athos oat Baad ‘ r ents in an unanestheti 7 
intravenous injection of 84L. The signal line marks the gure ee oe ee 
respiratory movements were relayed to the kymograph by a thread sitacreaei F ne e 
the umbilicus and the end of the sternum. ached halfway between 
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Respiration. Changes in respiration have not been observed except 


after intravenous doses. In unanesthetized dogs, the intravenous injection 


of 5 mg. per kg. in 8 seconds stimulated the rate and depth of respiration 


for about a minute. Within 2 to 3 minutes from the start of the injection, 
the respiration was normal (FIGURE 5). When the same dose was injected 
over a period of 60 seconds, the stimulation was of a lower order and of 
shorter duration. The injection of 20 mg. per kg. in 18 seconds produced 
an intense stimulation of respiration which lasted about a minute. In 
3 minutes, the animal appeared to be normal. In etherized dogs, the 
respiratory changes were much less prominent. 

Intravenous doses of 2 to 15 mg. per kg. inhibited the respiration of 
normal and anesthetized rabbits. In unanesthetized rabbits, the rapid 
injection of 5 mg. per kg. produced an apnea of 5 to 10 seconds’ duration. 
Recovery was complete in 3 minutes. A dose of 2 mg. per kg. injected 
in 60 seconds decreased the amplitude and slowed the respiration for 
30 seconds. Twenty-five mg. per kg. injected in 1 minute killed one of 
two rabbits. , 

In anesthetized dogs, lethal doses of 84L produced death by respiratory 
failure. Many dogs were maintained on artificial respiration long after 
their normal respiration had ceased. 


Circulation. Electrocardiograms* on etherized dogs which had been 
injected intravenously with 5 to 50 mg. per kg. of 84L revealed minimal 
changes. The heart rate was increased from one hundred and fifty to 


~ one hundred and eighty beats per minute during the hypertensive phase, 


but returned to the initial rate during the hypotensive phase. Regular 
sinus rhythm was maintained and such changes in the form of the complex 
as were noted were those usually associated with rapid heart rates. 
Electrocardiograms taken during the terminal stages revealed no changes 
not typical of anoxia. 

In etherized animals, the response of the blood pressure to effective 
doses of 84L resembled those produced by epinephrine. The principal 
difference noticed was a longer duration of the depressor phase. Doses of 
0.1 and 0.5 mg. per kg. were ineffective. Some dogs responded feebly 


to 1 mg. per kg., but 5 mg. per kg. produced a quick, short-lasting rise in 


the blood pressure followed by a fall of somewhat longer duration. As 
the dose was increased, the peak of the rise increased until it reached a 


_ maximum at about 20 mg. per kg. The changes in the blood pressure 


X 


produced by initial doses ranging from 5 to 40 mg. per kg. have been 


‘recorded in TABLE 5. The pressor responses were as follows: 5 mg., 


32 mm. of Hg; 10 mg., 52 mm. of Hg; 20 mg., 50 and 92 mm. of Hg; 
25 mg., 48 mm. of Hg; and 40 mg., 42 mm. of Hg. In the higher doses, 


_ the duration of the rise tended to increase, but the most prominent change 


was the prolongation of the time required for recovery from the depressor 
phase. 


* The electrocardiographie studies were made by Dr. Maynard B. Chenoweth, Cornell 
University Medical College. 
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TABLE 5 


Tue Errect of IniTiaAL INTRAVENOUS DOSES OF 84L on THE BLOOD PRESSURE 
or ETHERIZED ANIMALS 


Blood pressure 


Blood Dose intra- ; 
Dog No. | pressure | venoust Rise Fall 
bare fd ee Maximum | Duration |Maximum | Duration 
mm.Hg | minutes | mm.Hg | minutes 

4 136 5 26 0.5 34 183 
303 165 5 33 0.3 37 15 
502 152 5 36 0.5 27 2.0 
501 120 5 36 0.5 38 200 
506 133 5 28 0.2 29 20 
522 142 5 85 0.5 0 == 
488 106 10 54 1.0 26 * 
A-1 95 10 51 Zay 0 == 
A-4 142 10 50 0.5 66 5.0 
540 130 20 50 0.5 34 13 plus 
A-2 120 20 92 122 40 9 plus 
545 122 25 46 Td 48 5 plus 
489 112 25 28 1.0 52 * 
490 0G 25 39 2.0 48 * 
491 145 BS 91 4.0 0 =e 
544 156 25 38 1.0 50 5 plus 
A-3 104 40 42 0.5 36 35 

Cat No 
498 136 10 oe £55 0 aoe 
492 120 25 40 2.0 0 a 
Rabbit No. 

495 98 10 42 15.0 0 — 
493 68 25 26 3.0 0 — 
494 88 25 Fatal Dose 


7 The injection was completed in ten to thirty seconds. 

* Fall was interrupted by the injection of another compound. 

** This rise was preceded by a fall of 8 mm. of Hg. The duration of the fall was 0.3 
minutes. 


The leg-plethysmograph readily demonstrated that the sharp rise in the 
blood pressure produced by intravenous doses of 84L in dogs was accom- 
panied by an equally sharp decrease in the volume of the leg. However, 
the vasodepressor phase is poorly reflected. 

The close similarity between the response of the blood pressure to 84L 
and to epinephrine, coupled with the observation that this compound 
exaggerated the action of the latter, suggested that it either inhibited the 
cardiac vagus or those reactions which destroy epinephrine. 
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__ The vasodepressor response to stimulation of the right vagus before and 
after 84L showed that the intravenous injection of 25 mg. per kg. blocked 
25 to 100 per cent of the vagal activity for a period of 30 minutes 
(TABLE 6). The exaggeration of the pressor response of epinephrine 
parallels the inhibition of the vagus. Doses of 5 and 10 mg. per kg. of 
84L produced essentially no vagal inhibition (TABLE 6). The mechanism 
of inhibition is interesting since in doses which completely inhibited the 
cardiac vagus, 84L had no action on the vasodepressor response to 
acetylcholine.® 


TABLE 6 
Tue INHIBITION OF THE CARDIAC Vacus By 84L 


Minutes after injection 


Control vagal 
stimul. fall in Dose 3 | 15 | 30 
Animal blood pressure intravenous 
No.* mm. Hg mg./kg. Vagal inhibition in per cent 

Cat 498 22 10.0 45 18 0 
498 12 15.0 0 
498 16 25.0 100 81 81 
492 31 25.0 80 61 0) 
492 23 25.0 56 39 0 

Rabbit 493 26 25.0 100 19 
493 20 12.5 0 

Dog 544 76 25.0 100 100 68 
489 64 25.0 100 100 46 
545 66 25.0 100 48 42 
490 70. 25.0 85 78 69 
487 56 25.0 100 100 100+ 
488 80 05:0 75 
488 6 25: 
491 100 25.0 50 60 25 
542 74 5:0 8 0 
542 de 10.0 7 

i ee 


ight vagus was used. The blood pressure was recorded from the right carotid artery. 
pers rin Gaimela Reere anesthetized with ether except dog No. 491. In this animal, the 
anesthetic was intravenous sodium pentobarbital. 
+ One hundred per cent inhibition for at least two hours. 
+ Vagal activity was normal at forty-five minutes. 


Repeated injections produced a gradual diminution in the responses of 
the blood pressure and, finally, a complete disappearance of all action 
3 (raBLE 7). These data may provide a key to the explanation of the 
disappearance of the headache which developed in some patients after 
a few doses. 
Dogs with cords sectioned at approximately the second cervical vertebra 
and all superior connections completely removed showed unmistakably 
that the vasopressor response of 84L was not dependent upon centers in 


the brain. After this operation, the vasopressor action of 84L was 
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" Tasie 7 4 


Tur Errect or MULTIPLE INTRAVENOUS Doses oF 84L ON THE BLOoD PRESSURE 
or ETHERIZED Docs 
eee ee —oSSSsSsS909auao\< 
Blood pressure 


Dose Rise Fall 
lgbyeel ice 
pressure Intra- Maxi- Maxi- 
Dog control venous | Interval} mum |Duration} mum _ | Duration 
No. mm. Hg | mg./kg. | minutes | mm. Hg | minutes | mm. Hg | minutes 
532 142 0.5 0 0 
142 5.0 Wl 38 0.5 18 1.5 
147 5.0 5 33 0.5 14 4.0 
146 1.0 ‘D 6 0.5 10 1ES 
145 5.0 5 21 0.5 22 4.5 
144 5.0 6 26 0.5 Ze Bales 
145 5.0 5 0 14 6 plus 
142 5.0 6 0) 13 5 plus 
139 5.0 30 6 0.5 17 3.0 
150 5.0 60 4 0.5 16 4 plus 
548 102 0.5 0 0 
96 1.0 10 0 0 
97 5.0 10 35 0.5 a3 15 
98 5.0 10 30 0.5 38 125 
94 5.0 10 25 0.5 28 125 
94 5.0 10 28 0.5 29 1.0 
96 DO) 10 23 0.5 16 1.5 
104 5.0 10 9 0.5 12 30 
103 5.0 10 4 (A) 15 3 plus 
100 5.0 10 0 20 3 plus 
90 5.0 10 9 0.5 16 3 plus 
90 5.0 10 0 16 16 plus 
549 115 0.5 0 0 
122 1.0 10 2 0.25 0 
130 10.0 10 36 0.3 46 3.0 
130 10.0 10 30 0.3 45 10 plus 
122 10.0 10 32 0.3 36 2.0 
124 10.0 10 34 0.3 12 1.0 
113 10.0 10 7 0.5 23 5 plus | 
93 10.0 10 0 23 3 plus 
90 10.0 10 0 24 3 plus 
86 10.0* 10 0 30 5.0 
540 130 20.0 50 0.5 
127 20.0 13 58 0.5 ri : se 
een 20.0 13 52 0.5 37 13 plus 
114 20.0 13 44 0.5 20 13 plus 
102 20.0* 13 10 0.5 12 7 
109 20.0 22 0 0 . 
2 Eee ee eee eee 
* Respiration failed after this dose. Artificial respiration was continued for th 
ent ee a oh ree rbloac = system was functioning satisfactorily whew ar 


exaggerated (TABLE 8). Rises of blood pressure of one hundred to one 
hundred and eighty mm. of Hg were common. Furthermore, the duration 
of the rise was much longer than in the etherized dogs. After the rise, 
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there was no fall unless the compound had been given before the blood 
_ pressure reached a stable level. - 


TaBLe 8 


Tur EFFECT OF INTRAVENOUS Doses or 84L on THE BLOOD PRESSURE OF Docs 
wiTH Corps SECTIONED AT C-2 


Blood pressure 


Dose Rise Fall 


Blood a ee 
pressure Maxi- 
Contro} |Intravenous} Interval |Maximum | Duration mumft 
Dog No. | mm. Hg mg./kg. minutes | mm.Hg | minutes | mm. Hg 
505 94 Zoe 24 0.7 38 
505 54 10 60 100 8.5 0 
505 50 10 60 100 9.0 0 
507 whl 5 189 4.0 15 
507 50 20 20 180 4.5 0 
507 50 5 20 164 4.5 0 
507 48 20 21 180 7.0 0 
507 52 20 22 162 6.0 0 
506} 52 20 36 2.0 12 
5067 44 5 60 111 3.0 0 
5067 46 5 7 90 2.5 0 
506+ 46 5 5 70 3.0 0 
506+ 44 5 5 66 3.0 0 
5067 46 5 5 54 3.0 0 
506+ 50 5 D 50 2.0 0 
5067 50 5 D) 42 2.0 0 
522+ Ted 5 173 5.0 13 


+See TABLE 5 for response before section. 
t When a fall occurred, the recovery was very slow and never complete. 


* After the rise, the blood pressure fell 88 mm. of Hg and remained relatively constant. 
The blood pressure of this dog probably had not reached its constant level before the 
injection. 


Cardiovascular Responses in Unanesthetized Dogs. In five unanes- 
thetized dogs, the rapid intravenous injection (10 seconds) of 5 mg. 
per kg. of 84L produced an increase in blood pressure which was recorded 

' by direct puncture of the femoral artery. Expressed in mm. of Hg the 
elevations were: 68, 68, 68, 88, 118. When the same dose was given 
in 60 seconds, 2 dogs responded with a rise of 31 mm. of Hg. These data 
indicated that the cardiovascular system of unanesthetized dogs was more 
sensitive to 84L than that of etherized dogs. Electrocardiograms reflected 

“similar differences. Although the rapid intravenous injection of 5 mg. 
per kg. of 84L produced insignificant changes in the electrocardiogram 
of etherized dogs, the same dose in unanesthetized dogs produced a 
number of changes in the rate and pacemaker location. Sinus arrest for 
periods as long as 9 seconds, and irregular rapid sinus rhythm interspersed 
with junctional and ventricular premature contractions were observed. 
Five minutes after the injection, the electrocardiogram was normal. Doses 
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of 0.1 to 0.5 mg. per kg. produced no changes or only slight changes in | 
the rate or form of the electrocardiogram. : 


Fate of Compound 


The absence-of cumulative effects after multiple doses of 84L (FIGURES — 
1 and 2) suggested that the animals quickly became highly tolerant or 
that the compound was rapidly destroyed or excreted. Although a certain 
tolerance to the vascular action of the drug developed, no comparable 
action was seen in any other system. 


Liver. The role of the liver in the destruction was examined by sub- 
jecting rats, first, to a series of doses of carbon tetrachloride and then, 
before hepatic recovery, to multiple doses of 84L. The quantity of 84L 
used slightly exceeded that which the rat was able to destroy or excrete, 
so that any limitation in the ability of a key organ to perform its function 
would be reflected in a greater incidence of reactions in the test-group. 
Rats weighing from 180 to 210 grams were given orally 0.166 cc. of carbon 
tetrachloride per 100 grams of body weight. This dose was diluted to 
0.5 cc. with corn oil (Mazola) and given on days 1, 2, 3, 4, 5, 7, and 8. 
The tests for liver damage and 84L catabolism were made on the first 
day after the last dose of carbon tetrachloride. The function of the liver 
was tested by following the duration of the anesthesia produced by sodium 
pentobarbital, a drug which is destroyed principally in the liver.7 The 
results shown in FIGURE 6 demonstrate that a dose of 30 mg. per kg. of 
sodium pentobarbital anesthetized 95 to 100 per cent of the control and 
carbon tetrachloride-treated rats. Duration of the anesthesia as measured 
by the righting reflex was 1 hour in the control group and 7 hours in the 
treated group. The administration of 84L in multiple graduated doses to 
rats treated similarly with carbon tetrachloride gave little evidence of an 
exaggeration of the effects seen in normal rats (FIGURE 6). These data 
suggest that the liver is unimportant in the detoxification of 84L. 


Kidneys. The administration of multiple doses of 84L to unilaterally 
and bilaterally nephrectomized rats demonstrated the importance of the 
kidney in the elimination of this compound (ricure 7, table 9) = Ins 
group of 60 rats, the left kidney was removed and after 4 or 5 days the 
animals were injected intraperitoneally with repeated doses of 84L. The 
schedule of doses was identical with that of group I in TaBLE 3. A com- 
parison of these data (TABLE 9) with those from normal rats (TABLE 3) 
is typically illustrated by the mortality figures. Mortality in the rats with 
one kidney was 78 per cent, while in the unoperated group it was 34 per 
cent. 

There were two groups of bilaterally nephrectomized rats (TABLE 9), 
In one group, the total nephrectomy followed 6 days after the removal 
of the left kidney. The 84L was administered 24 hours after the last 
operation. The initial dose was 200 mg. per kg. with subsequent doses 
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THE EFFECT OF LIVER DAMAGE ON THE TOXICITY OF CUMULATIVE DOSES OF 84L IN RATS 


Ficure 6. A comparison of the effect of multiple intraperitoneal doses of 84L on the 
incidence of convulsions and mortality in normal rats and in rats with livers damaged by 
carbon tetrachloride administered in Mazola oil, 1 cc. diluted to 3 cc. The dose of this 
mixture was 0.5 ce. per 100 grams of body weight given orally on days 1, 2. 8, 4, bet, and: 8. 
Tests were made on the ninth day. The duration of pentobarbital anesthesia was taken as a 
eriterion of liver function. Each of the two groups contained twenty rats ranging in weight 
from 140 to 170 grams. 
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THE EFFECT IN NEPHRECTOMIZED RATS OF MULTIPLE INTRAPERITONEAL DOSES OF B4L 


ffect of multiple doses of 84L on the mortality in unilaterally and 
LL eee rats. The number of rats in each group was: control, thirty-two 
(200-250 grams) ; unilaterally nephrectomized, twenty-eight (170-200 grams); and bilaterally 


nephrectomized, sixty (170-200 grams). 
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TABLE 9 


Tur Morrarity Propucep sy 84L Given In MuLtipLe DosEs TO 
NEPHRECTOMIZED RaTsf 


a EE 
ee —————————————————————————————————___—____ nnn IIE 


Dose Mortality 
Interval > a a a 
subsequent] No. of Cumu- Cumu- 
to initial | rats in- Single lative Per dose | lative 
Group* dose, hours| jected | mg./kg. mg./kg. | per cent | per cent 
I 0 60 300 initial dose 58 58 
Unilateral neph- 1 _— — c= 
rectomy 4-5 days 2 25 100 400 0 58 
before initial 5 25 100 500 0 58 
dose 4 25 100 600 16 65 
5 21 100 700 5 67 
6 20 100 800 15 72 
7 17 100 900 24 78 
8 13 100 1000 8 80 
1e* 0 28 200 initial dose 18 18 
Left kidney re- 1 a a ae 
moved 6 days 2 23 100 300 iF 33 
before initial 3 19 100 400 26 50 
dose. Right kid- 4 14 100 500 il 86 
ney removed 24 5 4 100 600 100 100 
hours before 
initial dose 
III 0 15 200 initial dose 0 0 
Total nephrectomy 1 — — ae 
Y%-2 hours be- 2 15 100 300 0 0 
fore initial dose 3 15 100 400 7 7 
4 14 100 500 44 47 
5 8 100 600 75 87 


+ Effect of 84L in normal rats is summarized in TABLE 8, group I. 

* Weight range in grams: Groups I and II, 170-200; Group III, 204-240. 

** phe mortality in control animals for group II was 15 per cent, in group III, zero 
per cent. 


of 100 mg. per kg. given on the second, third, fourth, and fifth hours. 
After an accumulated dose of 600 mg. per kg. on the fifth hour, the 
mortality was 100 per cent. In normal rats (Taste 1) a single dose of 
600 mg. per kg. produced a mortality of 75 per cent. In the completely 
nephrectomized rats (TABLE 9)-an accumulated dose of 400 mg. per kg. 
killed 14 of the 28 which compared favorably with an L.D.s9 of 465 mg. 
per kg. in normal rats. The survival of 13 totally nephrectomized rats 
given no compound was 85 per cent on the first day after the operation, 
54 per cent on the second day, and 8 per cent on the third day. 


Excretion. Although the data indicate that the elimination of the 
compound is accomplished principally by the kidney, the form in which 
it is excreted has not been determined. No practical chemical test for 
small quantities of the compound has been devised. However, a bioassay 
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on filaria-infected rats indicated that the equivalent of 63 per cent of 

a 300 mg. per kg. intraperitoneal dose was excreted during the first 23. 
hours. In spite of the fact that nothing is known about the metabolic 
fate of 84L, the low antifilarial activity of its relatives* strongly suggests 
_ that, in the rat, most of the compound is excreted unchanged. 


SUMMARY AND CONCLUSIONS 


1. 1-Diethylcarbamyl-4-methylpiperazine hydrochloride, also known 
as Hetrazan and 84L, has a low toxicity and few side reactions. 


2. The intraperitoneal L.D.59 in mice was 248 mg. per kg. and in 
rats 465 mg. per kg. The oral L.D.s0 in mice was 660 mg. per kg. and 
in rats 1380 mg. per kg. 


3. Mice, rats, rabbits, and dogs readily tolerated intraperitoneal injec- 
tions of 100 mg. per kg. 


4. Daily intraperitoneal doses of 50 mg. per kg. in rabbits and 100 
mg. per kg. in rats, 5 days per week for 15 weeks produced no evidence 
of toxicity. Twenty-five mg. per kg. three times a day orally for 2 months 
produced no evidence of toxicity in dogs. 


5. The compound was not irritating, produced no local anesthesia, no 
effect upon the eye, no effect on the isolated uterus or intestine, and no 
effect on the blood sugar. It was mildly diuretic and analgesic. Intra- 
venous doses of 2 to 25 mg. per kg. in unanesthetized dogs stimulated the 
respiration. The heart and blood pressure were not affected by rapid 
intravenous injections of 0.5 mg. per kg., but larger intravenous doses in 
unanesthetized dogs produced some deviation from normal. 


6. The compound was rapidly excreted by the kidney. In rats and 
mice, the rate per hour was approximately one-third of the intraperitoneal 
L.D.50. 
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THE TREATMENT OF FILARIASIS BANCROFTI 
WITH 1-DIETHYLCARBAMYL-4-METHYLPIPERAZINE 
HYDROCHLORIDE (HETRAZAN) * 


By D. SANTIAGO-STEVENSON, J. OLIVER-GONZALEZ, AND 
Repcinau I. Hewitt 


Departments of Clinical Medicine and Medical Zoology, School of Tropical 
Medicine, San Juan, Puerto Rico, and Lederle Laboratories Division, 
American Cyanamid Company, Pearl River, N. Y. 


The attempts to eradicate infections with Wuchereria bancrofti by means 
of chemotherapeutic agents have been greatly intensified during the last 
five years. The National Research Council listed over one hundred and 
twenty compounds which by 1945 had been given clinical trial in human 
filariasis! Of all drugs used, only the antimony compounds appear to 
have beneficial effects. Of these, the pentavalent antimonial, neostibosan, 
has had the best antagonistic action on the filaria worms.” * Antimony 
compounds apparently act on the adult filariae, the circulating embryos 
disappearing gradually from the blood stream. The complete disappear- 
ance of the embryos takes place from a few months, in some patients, to 
longer periods of time in others. A drug had to be found which possessed 
a more marked and rapid effect on the microfilariae and the adult worms. 

Hewitt and his co-workers* have recently reported on the marked filari- 
cidal action of 1-diethylcarbamyl-4-methylpiperazine hydrochloride on 
naturally acquired filarial infections in cotton rats and dogs. The drug 
was given orally and the therapeutic doses utilized on these animals failed 
to produce evidence of toxic effect on the host. Complete studies on the 
toxicity of this drug in animals were performed,® followed by toxicity 
studies on normal healthy adults® to whom were administered doses as 
high as 8 mg. per kg. of body weight, without any serious or lasting un- 
toward reactions. Clinical trial of the drug in human filariasis was indi- 
cated next. Some of the possibilities to be determined were toxicity to 
man and, if filaricidal in the human host, the optimal dosage and the 


“duration of treatment. 


= . . 
* he material in this article appeared in English in the Journal of the American 
Retr repcation. The drug for these studies was supplied by the Lederle Laboratories 
and Calco Chemical Divisions, American Cyanamid Company. In _the medical care of the 
patients, the authors were assisted by Drs. E. J. Marchand and C. J. Margarida. The 
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Med, 222 OW. ratince? D. E. White, & Y. SubbaRow. Experimental chemotherapy of 
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The data presented below show that 1-diethylcarbamy]-4-methylpipera- 
zine hydrochloride, administered orally, causes the rapid disappearance of © 
microfilariae from the blood stream, that no serious toxic manifestations 
are evoked, and that very possibly the drug also acts on the adult filarial 
worms. 


METHODS 


The twenty-six patients included in this study were all Puerto Ricans, 
twenty males and six females, ranging in age from 15 to 30 years. —Twenty- 
three of the twenty-six were asymptomatic cases found to have positive — 
night smears for microfilariae during a survey performed by one of us* 
at night schools in San Juan, or else were young men rejected from service 
in the armed forces for the same reason. The three other cases had 
symptoms suggestive of clinical filariasis, and these also were found to have 
microfilariae in their peripheral circulation at night. 

All patients were hospitalized for treatment. On admission, a complete 
medical history was taken and they were subjected to rigid physical exam- 
ination, special attention being given to the lymphatic system. The follow- 
ing laboratory tests were performed on admission: (1) complete blood 
and differential counts; (2) complete blood chemistry determination; (3) 
urinalysis; (4) fecal examinations; and (5) Kahn serologic test. The 
blood chemistry, complete blood count, and urinalysis were repeated every 
third day during the period of hospitalization. 

On the night before therapy was started and on regular occasions during 
treatment and thereafter, blood smears were taken. The time of bleeding 
_ in all was always from 7:45 to 8:30 p.m. The number of microfilariae 
was estimated in three smears of 20 cu.mm. of blood. The blood films 
were dehemoglobinized in water, fixed in absolute alcohol and ether (equal 
parts of each), stained with hematoxylin, and destained with acid alcohol. 
The microfilariae were counted at a magnification of 100 diameters. The 
recorded values thus represent the total number of embryos per 60 cu.mm. 
of blood. 

The drug was administered orally, three times daily, before or after 
meals, or every eight hours. The individual dose varied from 0.5 mg. to 2 
mg. per kilogram of body weight and the number of days during which 
treatment was given varied from three to twenty-one (see TABLE 1). Ten 
cases were given a daily dosage of 2 mg. per kilogram of body weight, 
three times a day; two patients received 0.5 mg. per kilogram of body 
weight, tid. The rest received 1 mg. per kilogram of body weight, t.i.d. 
The patients were seen and examined daily; any complaints and pertinent 
physical findings were recorded. 


RESULTS AND COMMENTS 


Reaction to the Drug. The drug was well tolerated in all instances. 
Unfavorable reactions due to the drug were never of such a degree as 
to warrant discontinuation of treatment. 


* J. Oliver-Gonzalez. 
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The following were the most common reactions encountered, given in 
their order of frequency, with the number of patients affected; fever (16), 
; headache (12), general malaise (9), lumbar ache (7), anorexia, nausea 
and vomiting (5), painful nodular swellings (4), aching joints (3), weak- 
ness (2), skin manifestations (2), pain in testes (1), shortness of breath 
(1), and pain in the abdomen (1). 


_ Fever. This was usually slight, in eight cases being not over 100°F., 
“in six cases between 100° and 101°, and only in two cases reaching up 
to 103°F. In almost all patients, the fever started on the second day 
after initiation of treatment and lasted from one to six days (in only one 
case), the average duration being 48 hours. One patient, while having 
fever, complained of some shortness of breath. Febrile cases had an 
accompanying tachycardia which followed the fever curve. No arrhyth- 
mia was noted and there were no changes in the blood pressure. 


Headache. Slight headache, requiring no medication and disappearing 

spontaneously within a few hours, was experienced by nine patients during 

the first or second days of treatment. In three cases, the headache lasted 
for two days. 


General Malaise. This occurred in nine cases, in four of which it 
lasted for only one day, in another four for two days, and only in one 
case did it last for three days. Only one patient was bed-ridden because 
of general malaise, which, however, lasted only one day. This case had 
a high microfilarial count and received the highest dose (2 mg.). All 
but one of those complaining of general malaise of over one day’s duration 
were receiving the highest doses. 


Lumbar Ache. Five cases complained of slight lumbar ache, which 
lasted for one day; two had moderate ache lasting two and three days, 
respectively. All but two of these cases were receiving the highest dose. 


Anorexia, Nausea, and Vomiting. All five cases who complained of 
nausea also had anorexia. These complaints lasted for only one day in 
three cases, and in the rest for two days. Out of these five cases, three 

~ had accompanying vomiting, which, however, was never severe and at 
the most occurred only twice daily. 


Nodular Swellings. Four cases developed nodular swellings during 
treatment, or just after its completion. Two of them had been asympto- 

~ matic previously. Case No. A-10423 had received 2 mg. per kilogram of 
the drug three times a day for six days. On the fifth day of treatment, 
he complained of slight pain on both testes and over the lower abdomen. 
Two days later, nodular, moderately tender swellings the size of a small 
olive were noted along both spermatic cords. There was evidence of an 
accompanying bilateral funiculitis and some inguinal lymphadenopathy, 
but without fever. The tenderness and swelling had disappeared almost 
completely by the third day, and check-up examinations three weeks 
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later showed only a non-tender, pea-sized nodule in the right cord. Case 
No. A-10778 complained, on the second day of treatment, of pain at the 
inner aspect of the left upper arm and by the following day was found | 
to have a hard, nodular, tender swelling at this region with some accom- 
panying axillary lymphadenitis. The swelling had almost completely — 
disappeared within three days. 

The other two cases had suffered filarial manifestations prior to start 
of treatment. Case No. A-10596 had been admitted to another hospital 
two months previously because of a febrile episode, of ten day’s duration, 
with a tender nodular swelling in the inner aspect of the left upper thigh, 
diagnosed as an acute attack of filariasis, after smears had been found to 
be positive for microfilariae. On the fourth day after beginning treatment 
here, she developed a tender nodular mass about the size of a walnut 
at the inner aspect of the same thigh just above the site of the previous 
nodule. The patient had fever up to 103°F. The swelling gradually 
receded and became less tender until, on discharge twenty days later, it 
was the size of a small olive and non-tender. Case No. A-8455 had been 
suffering for over a year from frequent attacks of tender inguinal adenitis 
and funiculitis accompanied by fever. Biopsy of a nodule from the right 
spermatic cord was reported as “Hypertrophy and varicosity of lymphatics 
in spermatic cord with thrombosis and organization, cause undetermined.” 
Microfilariae were found several times in the peripheral blood. Four days 
after start of treatment, he complained of pain in the right spermatic 
cord, which appeared tender, thickened, and nodular. This was accom- 
panied by fever. Within two days, the tenderness and swelling had 
disappeared. 


Aching Joints. Three patients complained of ache in the shoulders, 
knees, and elbows. It was mild in two cases and moderately severe in the 
other, and never lasted over two days. 


Weakness. Both cases who complained of weakness, lasting two and 
three days, respectively, were receiving the highest dose of the drug. 


Skin Manifestations. One patient developed an erythematous rash on 
the palms of the hands and the soles of the feet, which made its appear- 
ance on the third day of treatment and cleared up entirely within three 
days. This patient was receiving the highest dose. Another patient 
developed a pruritic papular rash over the antero-lateral aspect of the 
left leg on the fourth day of treatment, disappearing completely within 
24 hours. This same patient complained of soreness of the mouth while 
having the rash. 


Pain in Testes. One patient developed pain over the testicular region 
on the fifth day of treatment, lasting one day, but this was not followed 
by noticeable swelling or nodules in this region. 


Discussion. It is apparent that the reactions occurred oftener and 
were of a more marked degree in the patients who were receiving the 
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highest dose. Fever and other related complaints first appeared, in most 

_ cases, by the second day of treatment and by 48 hours had disappeared 

spontaneously, never to recur in spite of continuation of treatment. 

- Previous toxicity studies on normal healthy adults had shown that when 

_ahigh dosage (8 mg. per kg. of weight) was used, the subject complained 

of headache, general malaise, weakness, joint pains, and anorexia. The 

other symptoms, that is, fever, tachycardia, tender nodular swellings, etc., 

_we therefore consider to be related to the filaricidal action of the drug, 
probably developing on a foreign protein or allergic reaction basis. 


Alterations in the Hematologic Picture: 


Leucocytosis. There were no changes in the hematologic picture during 
or after therapy, except in the leucocytic series. ‘The admission white 
blood cell count in these cases ranged from four to eleven thousand, the 
average ranging from five to seven thousand. In all but one case, the 
drug produced a definite leucocytosis. Usually, this first made its appear- 
ance by the second day of treatment and rapidly and progressively reached 
its peak by the fourth or fifth day. From then on, there was a tendency 
for the leucocytes to decrease progressively, the descent being at a much 
slower rate, and twenty or more days later the leucocytic picture still 
being higher than on admission. The white blood cell count, when at 
its highest, ranged from five to twenty-four thousand, the average at this 
time being from nine to eleven thousand. The degree of leucocytosis 
did not appear to be related to the degree of fever, to the initial micro- 
filarial count, or to the dosage given. 


Eosinophilia. On admission, twenty-four cases had an eosinophilia of 
more than 5 per cent, ranging in most of them from 6 to 10 per cent. 
The lowest eosinophile count was 1 and the highest 32 per cent, the 
latter being observed in a patient having a massive hookworm infestation. 
Only three cases failed to show an increase in eosinophiles. Twelve of 
the patients developed an eosinophilia of over 20 per cent while under- 
going treatment. Six of these had over 30 per cent, the two highest 
figures recorded being 40 and 41 per cent, the last one in a patient having 
“a very high initial microfilarial count (220). The eosinophilia did not 

appear to be related to the degree of fever, nor to the initial microfilarial 

count in the other cases. There was, however, a definite relation between 

the appearance of nodular swellings and eosinophilia, since in the four 

patients who developed the nodular swellings the initial eosinophile count 
’ became three, four, six and eight times higher, respectively. 


Blood Chemistry and Urinalysis. No changes were recorded in the 
blood chemistry values or in the urine examinations during treatment or 
thereafter. 


Effect of the Drug on the Microfilariae. Tasty | shows that in 
all instances the microfilarial counts dropped markedly within 48 hours 
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after beginning of treatment. Nine patients (34.6 per cent) had negative 
blood smears at the end of the 48-hour period, and the other seventeen | 
(65.4 per cent) had their counts markedly reduced. 

Thirteen patients (50 per cent) were found to be negative upon subse- 
quent examination made 8 to 83 days after treatment. The rest of the 
patients had extremely low microfilarial counts, to such an extent as to be 
definitely suggestive that their complete disappearance would eventually 
be demonstrated. Only one patient (No. 6—A 10,354) who initially had 
the second highest filarial count of this series (339) showed a relatively 
high count of 22 microfilariae on the 75th day after treatment. This 
patient had been receiving the drug for two days, when he developed a 
severe upper respiratory infection, for which reason therapy was dis- 
continued. One week later, treatment was resumed and the drug was 
given for only two days. This is suggestive that, for optimal results, 
therapy must be given without interruption. The latest examination per- 
formed 75 to 160 days after treatment has shown total absence of micro- 
filariae in ten cases (38.5 per cent). All other cases, except two (who 
had 21 and 22 microfilariae, respectively), still had very low counts. Fifty 
four per cent of the 13 cases who were treated for extended periods, 
ranging from 11 to 22 days, were found to be negative for microfilariae 
at the last examination. 

Further analysis of the results obtained in the light of the total dosage 
employed showed the following results (TABLE 2) : 


TABLE 2 

Total dosage No. of Negative at 
Mg. per kg. wt. cases treated last examination Percentage 

Wprtor 15 7 1 —- 14.3 

NG) Be) 6 2 — 5323 

36 to 39 6 2 — S363 

42 to 96 4 2 = 50.0 | 
LOZ toss2 3 3 a 


100 | 


The data obtained so far seem to indicate that, for optimal therapeutic 
results, an individual dose of 2 mg. per kg. of body weight should be given 
3 times daily for a period of from 2 to 3 weeks. 

It is also of considerable interest to note that Hetrazan produced a 
considerable reduction of the microfilarial count within 48 hours in all 
cases, regardless of the dosage used, which would seem to indicate that 
Wuchereria bancrofti is extremely sensitive to this drug. 


Effect of the Drug on the Adult Worms. The appearance in four 
cases of tender nodular swelling and localized lymphadenitis proximal to 
the swelling is suggestive of the death of the adult worm. Additional 
confirmatory evidence is afforded by the marked eosinophilic reaction 
observed in all four and by the occurrence in three of them of a sharper 
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vise of fever, which was also of longer duration than in the rest. Though 
sorely tempted, we refrained from removing any such nodules, as expe- 
/tience has taught that they will be resorbed spontaneously in most cases, 
while surgical intervention may produce irreparable damage to the lym- 
| phatics." We were further restrained by the fear that such intervention 
would have a poor psychological effect on the volunteer group of patients. 
Biopsies of similar nodules performed here and by other observers have 
frequently disclosed the presence in them of dead filarial worms.® ® 

For definitive proof of an effect on adult female worms, we have con- 
sidered it advisable to observe the cases for a total period of at least one 
year. This is the approximate time necessary for maturation and parturi- 
tion of worms which might have been inoculated shortly before the start 
of therapy. Should these patients remain negative for the length of that 
period, it might then be safely assumed that all adult worms had been 
destroyed, or that the worms may have become sterile. 


SUMMARY 


‘Twenty-six individuals harboring microfilariae of Wuchereria bancroftt 
in their blood were treated with 1-diethylcarbamyl-4-methylpiperazine 
hydrochloride (Hetrazan). Twenty-four of the cases were asymptomatic; 
the other two had clinical pictures of filariasis. The drug was given by 
mouth, the doses varying from 0.5 mg. to 2 mg. per kg. of body weight, 
| three times daily. All patients were hospitalized and the period of treat- 

ment varied from three to twenty-two days. 

Although the patients were carefully watched and examined daily, in- 
cluding frequent laboratory determinations, no severe toxic reactions were 
observed in any of them. Some of the patients, particularly those who 
received the highest dosage, developed fever and some accompanying 
symptoms of minor degree. These complaints occurred only during the 
first forty-eight hours of treatment; from then on, the patients were symp- 
tom-free regardless of the duration of therapy. Four cases developed 
tender nodular swellings at the extremities or spermatic cord, with accom- 
panying lymphadenitis and a higher degree of fever and eosinophilia than 
the rest. 

In all instances, the number of microfilariae was markedly reduced by 
the second day of treatment. In nine patients (34.6 per cent), the counts 

“were negative by this stage of therapy. Thirteen patients (50 per cent) 
_were found to be negative upon subsequent examination 8 to 83 days 
after treatment. The latest examination, performed 75 to 160 days after 
treatment, has shown total absence of microfilariae in ten cases (38 per 
cent). All other cases, except two, still had very low counts. Fifty per 
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cent of the patients receiving the highest individual dose were entirely | 
negative for microfilariae at the last examination. Fifty-four per cent of - 
the 13 cases who were treated for extended periods ranging from 11 to 22— 
days were found to be negative for microfilariae at the last examination. — 

Only 14.3 per cent of the patients who received a low total dose (up to- 
15 mg. per kg. of weight) were free of microfilariae at the last count. 
The percentage of negative cases progressively increased in direct relation 
to the total amount of the drug administered. All the cases who had 
received a total dose of over 100 mg. per kg. of weight were free of micro- 
filariae at the last examination. For optimal therapeutic results, a dose 
of 2 mg. per kg. of weight should be given three times daily for a period 
of 2 to 3 weeks. 

The findings suggest that the drug may also have acted on the adult. 
worm. Further evidence of this action of the drug is suggested by the fact — 
that some patients developed nodular swellings as a result of treatment. 
These nodules may be the site of dead worms. 

The results obtained so far indicate that 1-diethylcarbamyl-4-methyl- 
piperazine hydrochloride (Hetrazan), when administered orally, causes 
the rapid disappearance of microfilariae from the blood stream. Evidence 
also points to its favorable action on the adult worm. 

In view of the apparent highly specific effect on the individual filarial 
case, and in an effort to evaluate the preventive potentialities of the drug, 
these observations are being extended to hyperendemic groups in easily 
controlled institutions, such as orphan schools and asylums. Future trials 
will be correlated with the filarial infestation rate in the mosquito vector 
before and after mass treatment. 
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